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\^]_a`b1cedgfh_i^jlkmnfpoCq`m osrtmnfp_afluvkwmvfhosq
x `uvyguzmv]M_a`Mu {oC_ar^jp`|t`Mu
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kwrrUoC~zm x `5~n`M{(\^`M~n{(\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2M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\^flurUkwr`~ x `Mkwjlu fpmv\Uosmv\;`|gr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 q;fh_a_1` x flkmv`MjpyCdAmnksq x ks~ x;¤ kw~n£so¥{(\Ukwfhq
¤ osqAmv`¦'ks~vjhomv`L{(\^q^fl§Ci`MuiUuziksjpjhy\UkR¥s` x fp¨
{i^jpmvfh`Mu f©mn\ª«`Mjpjp¬uz`Mrkw~(kmn` x _1o x `Luuvi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\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kwfhq ¤ oCqAmv`¦'kw~njpo1uvks_1rjp`M~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k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kCuzfpTksitmvoC_kmv` xa¤ kw~n£so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Téléphone : 04 76 61 52 00 - International: +33 4 76 61 52 00
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u rosi^~5_a`q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mvfhosq x `oCq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¥§Ai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mvfl§Ai^`Mu
jhos~(un§Ci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mnfpoCq4µ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ksfpq ¤ osqAmv`¦'kw~njpounkw_ar^jh`~(u!_akRy±`fpmv\`~aU`
mnogoVBDJ W)@BÙµ'fhq mn\^`uz`Mquz`mv\Ukm1mv\^` ¤ ks~v£Co¥±{(\ksfpq ¤ osqAmn`;¦'ks~vjho3unkw_ar^jh`fhu1i^qks^jh`mno3¥gfluzfpmamv\^`
 \osjh`~(kwqs`owmv\^`roCuzmv`M~vfhos~_ao x `MuMµ'iuziUkwjhjpy uzmnkRygfhq^ fpq mn\^`q^`fhs\gosi^~n\^ogo x osoCq^`ow mv\^`
_kwos~_ao x `Mu fpmv\~nks~v`«i^_aru `m'``Mq_ao x `MuMµtos~ oCq2mn\^`5{oCqCmn~nks~vy1mnoAoEXYO[Z)?S@6\&BD=µtfpqmn\^`5uz`Mquz`
mn\km¹mv\^`5oCuz`M~v¥kwmvfhosqu ks~v`ksjpjhot{kmn` x mvo2ksjpj4mv\^`{os_arosq^`MqCm(uowmv\`_ao x `j4fhqmv\^`!{osi~nuv`owmv\^`
uvfh_i^jlkmnfpoCq4µ^~n`Muvi^j©mnfpq1fhq;uvfp_afhjhks~ `Muzmvfh_akwmv`Luos~ mn\^` 
 
  	  udgi{(\ x fp¨{i^jpmvfh`Mu¹ks~v`rks~zmnfh{i^jlkw~njpyoCg¥AfhosiUu  \^`q3uzyg_a_a`mv~nfl{r^~nfpoC~nu¹kw~n`iuv` x oCqmv\^`!rkw~(kw_a`mv`~rkwfh~(u 
 
  	 µ7ksufhq  fp`MUoCj©m5kwq xos`~vm 1'4:4 b  µ¦«\^fp 1'464876 kwq x  fl{(\kw~ x uvosq2ksq x]; ~v`M`q  464   µtuvfpq{` mv\^`roCuzmv`~nfhos~ x flumn~vfh^it
mnfpoCqflu'mv\`qkwjluzo1fhqA¥ks~vflkwqAm'mvoarU`M~v_!itmnkwmvfhosqowmv\^`fhq x fl{`MuM[\^flu~v`Luzij©m(u«fhqf x `qAmvfl{ksj7_aks~vCfpqUkwjlu
oC~Imn\^`¹rUkw~(kw_a`mn`~IrUkwfh~nuMµsmn\km'fhu«_kw~nsfhqkwjlu \fh{(\2ks~v`¹fpq x `r`q x `MqAmosQ^U[\`+N2O[?S=&L$HILG=&?R@?NJO!os
mn\^`1rUoAumn`~nfpoC~ x flumn~vfh^itmnfpoCq;flumn\AiUu x `jhfh{Mkmv`1uzfhq{`1ksqAyfhqt`~n`q{`mn\^~nosi^C\rUoAumn`~nfpoC~¹_a`Mksqu  os~
`|^kw_ar^jh`sµF`M~vCo x fh{kR¥C`~(kwC`Mu  flu5fhqkwr^r~voCr^~vflkmn`uzfhq{`
mv\^`Luz`_a`Mksquks~vfluz`amn\^~nosi^C\mn\^`
_kw~nsfhqkwj
x fhuzmv~nfpitmvfhosquM ¤ osq^fpmvoC~vfhq^ow'mv\^` ¤ kw~n£so¥;{(\ksfpq ¤ oCqCmn`¦'kw~njpounkw_ar^jh`iuvikwjhjpy±uz\ou mv\kwmf©m
x oA`LuIqowm`|tr^jhos~n`mv\`¡Z¢g`L§Cifp¥kwjh`qAm_ao x `Mu«ow4mn\^`roCuzmv`M~vfhos~ x flumn~vfh^itmnfpoCquvfpqU{`mn\^` `Muzmvfh_akwmv`Lu«os
mn\^`_ks~vCfpqksj4roCuzmv`~nfhos~ x fhuzmv~nfpitmvfhosqukw~n`uzmv~nosq^CjpyksuvyA_a_a`mn~vfl{5fhq;_aoCuzm {Mksuv`MuM¹[\^fluflu x `M`r^jhy
iquvkwmvflu®kC{$mnos~ny;~nos_ kwq ¤ kw~n£so¥3{(\Ukwfhq ¤ osqAmv`¦'kw~njporUoCfpqAm!os¥gfp`M5µuzfhq{`f©mar^~n`Muv`qAmnu!k~(kw~n`
uv`mvmvfhq^2 \`~n`'`£gq^o mv\kwmuvos_a`!~v`Msfhosqu osmv\`rks~nks_1`mv`M~uvrks{`\kR¥C`q^owm U`M`q3¥Afluvf©mn` x gy
áá â`_'a$êcb(d
b
mn\^` ¤ ks~v£Co¥ {(\Ukwfhq4 ¸ q `L§Cifp¥kwjh`qAmr`~(uzr`M{mvfh¥s`fhumvoª{oCquvf x `M~1mv\kwmmv\^`Luz`~n`¥C`Mkwjh` x uzyg_a_a`
mn~vfh`Mu«fhq x i{`kCuzfl{¹{osqAmv~nosj¥kw~nfhkwmv`Lu \^fl{(\ks~v` uzi{(\
mv\kwm«mn\^`iUuziksj7uvks_1rjp`M~nu«kw~n`¹q^`M¥s`~uzmvosrrU` x
ksCksfpquzmImn\^`Muv` ¥Rks~vflkmn`Mu«fpq2mv\^` f x ` _akwos~nf©myaos{kCuz`Lu ¸ jpmv\osi^C\uvos_a` \kwm«r^~n`Muvi^_artmni^osiuMµg«`
{osquvf x `~ mv\Ukmkwjh_aoCuzmmn\^``qAmvfh~n`myow ¤ kw~n£so¥{(\ksfpq ¤ osqAmn`
¦'ks~vjhounkw_ar^jh`~(u fp_ar^jh`_a`MqCmn` x os~
_afp|gmvi^~n`_ao x `jlu5\ksu ®ksfpjh` x mno;{oCqA¥C`~ns`  ¤ os~n`o¥s`M~Mµ7'`a fhuv\±mvo;uzmv~n`Munumv\Ukm\ks~v_ {kwq±~n`Muvi^j©m
~nos_ mn\^`'uzmnkwmvflumnfh{MkwjAfpqAmn`~nr^~v`mnkwmvfhosq5ow ¤ kw~n£so¥{(\kwfhq ¤ osqAmn` ¦'ks~vjho¹unkw_ar^jh`Mu4r~vo x i{` x gy5r^jlks{fpq
{osquzmv~(kwfhqAmnu¹osq;mn\^`arkw~(kw_a`mv`~(uM ¸ j©mn\^osis\4µZ~nos_ kum(kmnfhuzmvfl{ksjrosfhqAmosI¥gfp`M5µZmv\^`a`|grjpoC~nkwmvfhosq
osFmn\^`¡Z¢t_ao x kwj7~n`sfhosqUuIosFmv\` roCuzmv`M~vfhos~ x fluzmv~nfp^i^mvfhosqfhu~n` x iq x kwqAm  uvfpqU{` mv\^`5fhq x fl{`Lu ^aowmv\^`
{os_arosq^`MqCm(uks~v`]O
J?If x `MqCmnf©kw^jh`  µmn\^`2rfh{mvi^~n`
r^~no¥gf x ` x gymn\^` ¤ ks~v£Co¥3{(\ksfpq ¤ oCqCmn`¦'kw~njho
unkw_ar^jh`1_akRy`sµkwq x fpq _kwqgy;{Mksuv`MufhuMµ4fhq{oC_1rjp`mv`aU`L{ksiuz`1mn\^` ¤ kw~n£so¥{(\kwfhq kwjh_1oAumq^`M¥s`~
jh`MkR¥C`Mumn\^`1¥Afl{fhq^fpmyowosq`rkw~vmvfl{ijhks~¹jhog{Mkwj_1o x `1kwq x mv\giuosq^jhy{o¥s`M~nu¹ka~nkC{$mnfpoCq;ow°mn\^`!uvi^rt
ros~vm¹osmn\^`5mn~vi^`rUoAumn`~nfpoC~MµU`¥s`Mqi^q x `M~mv\`f x `qAmvfpUks^fpjhfpmy{osquzmv~(kwfhqAmM T^os~¹mv\^flu~n`MkCuzoCq«`5`M`j
mn\km1mv~ni^q{MkmnfpoCquosmv\^`rks~nks_1`mv`M~!uvrks{`
_kRy`Mosrks~ x fM`
mv\`~n`Muvi^jpmvfhq^;fhqt`~n`q{`  {oCqCmn~nks~vy
mnor^~n`¥gfhosiurU`M~nuvrU`L{$mnfp¥C`Muk x osr^mv` x fpq ; ~ni^`mE=&?"@BDChµ  46464 µoC~! oCU`M~zm1kwq xª¤ `q^C`~(uz`Mq4µ '464:5: 
I¥s`q \`qmv\`5mv~ni^q{Mkmvfhosq x og`Luq^osm¹_ao x f©ymv\^`r^~vfhos~ x fhuzmv~nfh^itmvfhosq   \^fl{(\fhu¹q^owm`|tkC{$mnjpymv\^`
{Mksuv`¹fhq ¤ `q^C`~(uz`Mqkwq x  oCU`M~zmLµ '464 ^µCos~  og` x `M~ kwq x ¯±kCuvuv`~n_kwq4µ '4:4   µCmv\^`5{(\^oCfh{`osF \^fl{(\
osImn\^`arkw~(kw_a`mn`~(u¹fluiuv` x os~5oC~ x `M~vfhq^  mv\Ukm5fhuMµFfhq3mv\^` ; kwiUuvuvfhksq3{Mksuv`sµ7'`fhs\Am&Z&Ca_a`Mksq'Z&C
¥ks~vflkwq{`  jh`Mk x u mvokrkw~vmvfl{ijhks~ rUkw~vmvfpmvfhosq±ow'mv\^`
{os_ar^jh`mv`roCuzmv`M~vfhos~ x fluzmv~nfp^i^mvfhosq  \^fl{(\±_kRy
_ao x fpy mv\^`{os~n~v`Luzrosq x fpq^fpqt`M~v`Mq{`C [\^`rosfhqCmkmafluvuvi^`\^`~n`flu!mv\kwmamv\^`mv~ni^q{MkmnfpoCq x og`Mu
qowmq^`L{`Mununkw~nfpjhy;~n`MuvrU`L{$m5mv\`
s`Mos_a`mn~vyksq x uz\Ukwr`
ow'mv\^`2i^q^~n`Muzmv~nfh{mv` x roCuzmv`M~vfhos~ x fluzmv~nfp^i^mvfhosq4­
 \fpjh` uvos_a`os~ x `~nfpqCu_kRyq^fl{`Mjpyfluvosjlkmv` kuvfpqsjh`_ao x ` ow4mn\^fhu x fluzmv~nfp^i^mvfhosq4µt_aoCuzm« fhjhj7fpqg¥soCjp¥C`
rUkw~vmnu5os¹uz`M¥s`~(kwj°_ao x ksjI~n`sfhosqUu ¸ {osquv`M§Ai^`Mq{`os mv\^fluflumv\kwmf©¹k;rUoAumn`~nfpoC~_a`Mkwqflu5mn\^`q
{Mkwjl{i^jlkmn` x µmn\^`2`Lumnfp_kmn`2 fhjpj x '`jhj«fhq k¥Rksjpjh`y±`m'``qªmv\^`¡Z¢_ao x `Lu~(kmn\^`~mv\ksq {jhoCuv`mvo
oCq^`aow'mv\^`M_-¬q k x^x fpmvfhosq4µ~v`M_ao¥Afhq^mv\^`oC~ x `~nfpq^{oCquzmv~(kwfhqCm~nos_ mn\^`r^~nfpoC~umnfpjhjjh`MkR¥C`Mumv\^`
`|tr^jpoC~nkwmvfhosqr^~nosjp`M_ oCrU`Mq4­gosq^`_iuzm x `M{f x `  \^`mv\^`M~Imn\^`roCuzmv`M~vfhos~ x flumn~vfh^itmnfpoCq2flu«uvit¨
{fh`qAmvjhy
'`jhj x `Luv{~vfh` x gymn\^` ¤ ks~v£Co¥;{(\kwfhq ¤ oCqCmn`¦'kw~njpo;unkw_ar^jh`sµmv\Ukmflu \^`mv\^`M~mn\^`
i^q^`|tr^jpoC~v` x
rUkw~vmosFmn\^`uzir^rUoC~zm¹{MkwqU`5~n`M{o¥s`M~v` x gy
rU`M~v_!itmnkwmvfhosquM
³Fossfl{ksjpjhy f©mosjhjpou4mv\kwmkqo¥s`jCrU`M~nuvr`M{$mnfp¥C`osqmv\^`uzfh_ijhkwmvfhosq5owtmn\^`IroCuzmv`M~vfhos~ x flumn~vfh^itmnfpoCq
ksq x mv\^`~v`Mjhkw|gfhq^ ow mv\`;f x `qAmvfpUkwfpjhf©my {oCquzmv~(kwfhqCm(ua_iuzm2kwjluvojp`Lk x mvoªk q^o¥C`j¹ksr^r^~noCkC{(\"km
mn\^`2fhqAmv`M~vr^~n`m(kmnfpoCqªum(kws`Cµmv\kwm!fluoC~1·kRys`Luzflkwq fhqt`~n`qU{`2fhqmn\^fhu1uv`mvir4 Tfhsi^~n`  fpjhjpiUumn~nkwmv`Mu
mn\^`fh~v~n`jh`¥ksq{`5osiUuzfhq^
roCuzmv`M~vfhos~_a`Lkwqu¹ \^`qmn\^`f x `qAmnf©Uks^fhjpfpmy{osquzmv~(kwfhqAmfhu¹q^owm `qtoC~n{` x µ
gyr^~n`Muv`qAmnfpq^3mv\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uvit¨
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¥C`5~v`M`jhyU`m«`M`qmn\^`_ao x `MuM ¬q
mn\^flu¹{kCuz`Cµ^mn\^`5mv\~v`M`_kw~nsfhqkwj7roCuzmv`M~vfhos~ x fhuzmv~nfpitmvfhosqu x fluzr^jlkRyka\fpC\ x `C~v`M`5owuzfh_afpjlkw~nfpmykwq x
mn\^flujp`Lk x u1mnoq^`Mks~vjhyªf x `qAmnfh{MkwjroCuzmv`M~vfhos~_a`Mksq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`~'os~ x u1mvoªk±~n`r^~n`Muv`qAmnkwmvfhosq ow mv\^`
_ao x `MjFgy2`Luvuv`qAmvflkwjhjhy2k
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o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 roCuzmv`M~vfhos~  x fhuzmv~nfpitmvfhosqmno!{osq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   mv\^`M~v`
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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k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k x^x fpmvfhow
qUkwj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`¹roCuzmv`~nfhos~_a`Mksqu \fh{(\r^~no¥gf x `
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mv\`;r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{osq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~vfhos~ 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Component 3
uv`qUuzfh^jh`·'kRyC`Muvfhksq1ksquv«`M~numno5mv\^`¹`Muzmvfh_akwmvfhosqosUmn\^`¹rks~nks_a`mv`M~nuos 1  Tm«fhuI«oC~zmn\1qowmvfhq^5mn\km
 \fpjh`!fhqtoC~v_kmnfp¥C`r^~nfhos~(u¹{ksq;_kw£C`f x `qAmvfpygfpq{osquzmv~(kwfhqAmnu~n` x i^q x ksqCmgyr^~vo x iU{fhq^ x fluzmvfhq{$m
x fhuzmv~nfpitmvfhosquosqmv\^`a{oC_arUoCq^`qAmrUkw~(kw_a`mn`~(u   µmn\^`Muv`!r~vfhos~(u_aoCuzmowãmv`Mq3uzmvfhjpj°ksjpjho os~5uzoC_a`ks_aosi^qAmowuv fpmn{(\^fhq^U`m«`M`qmv\^`{os_arUoCq^`qAm(u \fh{(\1fhuqowm°osuv`~n¥s` x os~°uzmnksq x kw~ x ksjpCos~nf©mn\^_u
[\^`rksrU`M~fluos~nCksq^fhuv` x ksuFosjhjpou"4'` x `Luv{~vfh`Ifhqadg`L{$mnfpoCq1mv\^`um(kwq x kw~ x kR¥kwfhjhks^jp` ¤ kw~n£so¥
{(\Ukwfhq ¤ osqAmv`'¦'ks~vjhouvosjhitmvfhosquFkwq x uv\^o3mv\^~nosi^C\`|^kw_ar^jh`MuZmn\kmmv\^`My¹®ksfpjsmvo¹kC{(\^fh`¥s`mn\^`~n`M§Ai^fh~v` x
uvyg_a_1`mv~nys¯3`mn\^`qfhqAmv~no x i{` fhq
dg`M{mvfhosq
5kmv`M_arU`M~vfhq^uzmv~(kmn`sy5 \fh{(\fluuv\^o qmno5o¥s`M~n{os_a`
mn\^`r^~n`¥gfhosiu x fp¨
{i^jpmys ¬q²dg`M{mvfhosquabªksq x 7 µ'«` x `M¥s`MjpoCr"¥kw~nfhosiuksr^r^~noCks{(\`Muos~ x `M~vfh¥gfpq
·kRyC`Mu'`Muzmvfh_kmv`Lu'~voC_+ka{oC_1rosq`qAmzT fhuv`5uzyg_a_a`mn~vfl{ ¤ kw~n£so¥{(\ksfpq ¤ oCqCmn`¦'kw~njpoauvks_ar^jp`C°¯3`
{osq{`qAmv~(kmn`¹mn\^~nosi^C\^ositm oCqq^oC~v_ksjZksq x `|trosq^`MqCmnfhksj7_af©|gmvi~v`Luµgmn\kmflu

  #"
$   %#& 	 kwq x   
 

'   	)%
´¹o«`M¥s`M~«mn\^`ksr^r^~noCks{(\uziss`Lumn` x \^`~n`5`|gmn`q x u x fp~n`M{mvjhy
mno
owmn\^`~mygr`Mu os_afp|gmvi^~n`Mu  }osfluvuvosq4µ
}°ks~v`mvoµ`mn{w  µksq x kwjluvo mvoªosmv\^`M~2{kwmv`Cos~nfp`Luaow5jlkmv`MqAm2¥kw~nfhks^jp`_ao x `Mjhu   oCU`M~zmLµ '464:5: kwq x
qosqtTf x `qAmvfpUkwjp`r^~nos^jh`_uM dtfp_afhjhks~vjhysµ'«`oCq^jpy"{osqUuzf x `~1mn\^`;{kCuz`ow5uzyg_a_a`mn~vfl{r^~vfhos~(uMµ^itm
oCg¥AfhosiUuzjhysµ_ao x `Muzm x `Mrkw~vmvi^~n`Mu~voC_uvyg_1_a`mv~ny 'osi^j x jp`Lk x mno uzfh_afpjlkw~2U`M\kR¥gfpoCi^~
 \^`Mq mv\^`
áá â`_'a$êcb(d

r~vfhos~ x og`Muq^owm{osi^qAmv`M~mv\^`jlks{(£owf x `MqAmvfpUkw^fhjhf©my±uzit¨
{fp`MqCmnjpy3umn~voCq^sjhysµFkCu5_a`qAmvfhosq` x kwo¥s`s
  i~{(\^oCfh{`IosUuzyg_a_a`mn~vfl{Ir~voCrU`M~r^~nfhos~(u4fluiUumnf©` x kCuFfhq!fh{(\ks~ x uzoCqkwq x ; ~v`M`q 1'4:4   µRqkw_a`jhy
gykwq`_ar^fh~vfl{ksj x `mv`M~v_afhqkmnfpoCq
owjpot{kwmvfhosqt¬un{kwjh`rks~nks_a`mv`M~nuIksuv` x osqmn\^` x km(k¬uzr^~n`Mk x  ¤ os~n`
r~v`L{fluz`MjpyCµ«'`iuv`;{osqwi^Ckwmv`r^~nfpoC~nuafhq Uosmv\ {kCuz`Luµ«mv\Ukm2flu G/6&%'%&%'&/3	 x fhuzmv~nfpitmvfhosqu
osq mv\^`
'`fhs\Am(uµ  

1/	 x fhuzmv~nfh^itmvfhosqUuoCq5mv\`un{ksjp`«rkw~(kw_a`mv`~(u    ksq x % & ksq x "  , &/ , % & 	 x fluzmv~nfp^i^mvfhosquoCq2mn\^`5_a`Mksqu $  
  (0
1 5±F	 ),5) 3))
¯±`«{osquvf x `~Fmv\^`'um(kwq x ks~ x5¤ kw~n£so¥{(\Ukwfhq ¤ osqAmv` ¦'kw~njpounkw_ar^jh`~(u4fhq5mni^~vq!uz\^o fhq^ mn\km`MkC{(\®kwfhjhu
mnoks{(\fp`M¥s`mv\`uvyA_a_a`mn~vy1fhq^\^`~n`qAm«mvo5mn\^`¹ \^oCjp`mv~ni^`uzmnkwmvfhosqks~vy x fhuzmv~nfh^itmvfhosqF¯±`{osq{`qAmv~(kmn`
fhq$t ;oCqmv\^` ¤ `mv~nosrosjhfhuzT´ksuzmvfhq^Cu!kwjhsoC~vfpmv\^_ kCuz` x osqªmv\^`³Fksq^s`M¥Afhq x fp¶Ziuzfhosq" \^fl{(\  fhjpj
jlkmn`~'U` iuv` x fpqkmn`_arU`M~vfhq^aumn~nkwmv`Msysµguvfpq{`sµAmvo!osi^~£gq^o jh` x C`sµAf©m\kCuIq^osm'``Mq2yC`mr^~voCrUoAuz` x
fhqmv\^`5jhf©mn`~(kmni^~v` fhquvi{(\uz`mzmvfhq^Au ¸ mmv\fhuuzmnkss` «`q^osmv` mv\Ukm f©mflu kwjhkRygu«roCunuzfh^jh`mnoks{(\^fh`¥C`
jlkw`j^uv fpmn{(\^fhq^ U`m«`M`q!mv\^`¹¡Z¢_ao x `LuAymn\^`uvfp_ar^jh` k x^x fpmvfhosq1owZkuzmv`Mrafpq!mv\^` ksjpCos~nf©mn\^_ \^fl{(\
r~voCrUoAuz`Lu¹k
~(kwq x os_ r`~n_itm(kmvfhosqowmn\^`!jlkw`jlu  k ¤ `mv~nosrosjhflu¬´¹kCumnfpq^Au¹uzmv`Mr fpmv\3kC{{`rtm(kwq{`
r~voCkw^fhjhf©myaosq`     i^~'fhquzfluzmv`qU{` osquv`Mks~n{(\fpq^os~kwqkwjhsos~nfpmv\^_  \^fl{(\{MkwqkC{(\^fh`¥s`uzyg_a_a`mv~ny
 fpmv\ositmuvi{(\±k_ao¥s`1mygr`1flu mv\Ukmkwqgy;{osq{`~nqu o¥s`~5{osqg¥s`M~vC`q{`!kw~n`1q^owm5q^`L{`Mununkw~nfpjhy x `Mksj©m
 fpmv\gy2uvi{(\k1uzmv~(kmn`Cy
 \^fl{(\uvfp_ar^jhyksjpjh`¥gflkmn`Mu«mv\^`5_aoAum osg¥gfhosiu uvyg_1r^mvos_
	
  !#"
[\` ; fp^Uuunkw_ar^jh`~flu5mn\^`
_aoCuzm{oC_1_aoCq^jpy3iuv` x kwrr^~voAks{(\3fpq_afp|Amni^~n`
`Muzmvfh_kmvfhosq±oCjpjho fpq
 fh`osjpmkwq x  oCU`M~zm 1'4:4%$ µ '4:4 b  µIksq x «` fhjpj¹q^owm x '`jhjoCq fpm2jhosq^C`~amn\kwq q^`L{`Mununkw~ny­uv``
¦«\fp 1'4:4:76 oC~! fl{(\ks~ x uvosqksq x<; ~n``q 1'4:4   oC~1k x^x fpmvfhosqksj x `mnksfpjlu3[\^`2kCuzfl{a`Lkmvi~v`
os
mn\^` ; fh^u5unkw_ar^jh`~5fhqmn\^fhuuz`mvi^r flu mv\^`
ksi^s_a`qAm(kmvfhosq3ow«mv\^`rks~nks_a`mv`M~nu os 3 gykw~vmvfpU{flkwj
ksjpjhot{kwmvfhosq¥kw~nflkw^jh`Mu'&)(vµ`MkC{(\osq`«`fhq^ksunuzot{flkmn` x  fpmv\1osq^`'owmv\^`  (  ufhqoC~ x `M~Fmno+* x `>_afp|-,°mv\^`
oCuv`~n¥s` x unkw_ar^jh`s°[\^flu«ksjpjhouIuvfh_i^jlkmnfpoCqow7mv\`¹rks~nks_1`mv`M~nuIow4`MkC{(\
{oC_1rosq`qAm'{osq x fpmvfhosqUkwjhjpy
oCqmv\^`akwjhjhog{MkmnfpoCquµmnks£Afhq^
fhqAmvoks{{osi^qAm¹oCq^jhy2mn\^`!oCuv`~n¥Rkwmvfhosqu \^fh{(\\kR¥s```Mqkwjhjhog{Mkmn` x mvo
mn\^flu1{os_arosq^`MqCmL &osmv`mv\kwmaoCq^`2osmv\`_ksfpq x ``L{$mnu1osmv\^` ; fh^uaunkw_ar^jh`~1fpq"mv\^fluauz`mzmnfpq^
flumv\^`i^j©mnfp_kwmv`kmzmn~nkC{$mnfpoCqow mv\`jhot{kwj«_ao x `MuMµmv\kwm1flumn\^`ksjp_aoAum1fp_aroCunuzfh^jh`uvfp_!i^j©m(kwq^`Mosiu
~n`¬kwjhjhog{MkmnfpoCq oskªC~voCi^r²owoCuv`~n¥Rkwmvfhosqumvo k x fp¶`M~v`MqAm{oC_arUoCq^`qAmM ¬qJ`|trU`M~vfh_a`qAmnuMµ mv\fhu
`\UkR¥Afhosi~1ksu1oCuz`M~v¥C` x fpq owmv\ mn\^`i^q{oCquzmv~(kwfhq^` x kwq x mv\`;{osqUumn~nksfpq^` x {Mksuv`MuM­«mn\^`~n`Muvi^j©m
fhqªmn\^`{osqUumn~nksfpq^` x {kCuz`U`Mfpq^3mv\Ukmmn\^`{osqUumn~nksfpq^` x rks~nks_1`mv`M~flu!fhkCuz` x fpq mv\^``¥C`qAmmn\km
uvit¨
{fh`qAmosuv`~n¥kmvfhosqUu2kw~n`; ~nosq^Cjpy kwjhjhog{Mkmn` x  T^oC~fhquzmnkwqU{`sµ¹fpq kªq^oC~v_kwji^q^f x fh_1`MquvfpoCqkwj
_afp|gmvi^~n`sµUf©°mn\^`{oCquzmv~(kwfhqCm % /. % & U`Lkw~(u osqmn\^`¥kw~nfhksq{`Lukwq x fp   &%'%&%(G 0 ks~v`ksjpjhot{kmn` x mvo{os_arosq^`MqCm1*  ,wµ^kwq x  G &%'%&%(G &32 kw~n`kwjhjpot{Mkmv` x mno
{oC_1rosq`qAm1*v4,µt \^fhjh`5mv\^`5oCr^roCuvf©mn`uz\^oCi^j x\osj x  mn\kmafhuMµ°mn\^`{os_a_aosqª¥ks~vflkwq{`
ow   &%&%'%(1 0 flujlkw~ns`M~mn\kwq mv\^`{oC_1_aoCqª¥kw~nfhksq{`
os G &%'%&%(G &32  µAmv\^` {osqUumn~nksfpqAm fhjpjjp`Lk x mno`fpmv\`~kwq
i^rgkw~ x ^fhkCu°oC~ % & os~'k x o qg'ks~ x ^flksuos~%  U`L{kwiUuz`5kwqkwjhjhog{MkmnfpoCquv f©m({(\ fhjhj OI= 3=&L'og{M{i^~LTfhsi^~n`Muaksq x afhjhjpiuzmv~(kmn` mv\^`5jlks{(£
os5*z_af©|tfhq^6,osmn\^`{(\kwfhqu'oC~mv\^``|trUoCq^`qAmvflkwj4ksq x mv\^`
qos~n_aksj«{Mksuv`MuMµ~n`Muvr`M{$mnfp¥C`jhys;¯ \fpjh`
mn\^`o¥C`~(kwjhj ¤ ks~v£Co¥{(\kwfhq ¤ oCqAmv`¦'ks~vjho;unkw_ar^jh`2`|t\^fh^fpmnu
öþá4ö ù

Tfhsi^~n`! "`r^~n`Muv`qAmnkwmvfhosqfhq;mv\` 

 
	 r^jlkwq`ow°mn\^` ; fh^u unkw_ar^jh`ksunuzot{fhkwmv` x  fpmv\3k
uvks_ar^jp`
os /: ,:,6, uzfh_ijhkwmv` x rosfhqAmnu ~nos_ k  {oC_1rosq`qAm¹`|trosq^`MqAmvflkwj4_afp|Amni^~n`s   N2LGW&BD=(ZW)JLcLG=(Z$H JO  ?RJW)J H[JO
=(OQ? /  ?$LcN@O BK=cZ>?SJPWJ H[JO
=(OQ?  @O PW(LGJZ)Z(=(Z ?SJ W)J H[JO
=(OQ?  C ! [\^`2\^fhuzmvoCs~(kw_u5oCq
mnosr;ksq x ~nfpC\Cmow°mv\`r^jhowmkw~n`mv\^`!`Muzmvfh_akwmv`Lu¹osmn\^`1_aks~vCfpqUkwj x fluzmv~nfp^i^mvfhosqu¹ow

( R?RJ)H !kwq x   (
RLcN ? !
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Gibbs sampling
       (10000 iterations)
mn\^~n`` Mosq^`LuIosFfh_1ros~vmnksq{`CµAmv\^`{oC_1rosq`qAm'{(\ksfpqUu 

 )  	 q^`M¥s`~uv f©m({(\2fhq
mv\`q^oC~v_ksj{Mksuv`ksq x `|t\^fh^f©moCq^jhy!k _ao x `~(kmv` x `Ms~n``owZuz fpmn{(\fpq^5`m'``Mqm'o5{oC_1rosq`qAmnufhq1mv\^``|trUoCq^`qAmvflkwj
{Mksuv`s  Tfhsi^~n`  r^~no¥gf x `Muksqosr^roCuvf©mn`fhjpjhiuzmv~(kmvfhosqfhq`|trosq^`MqAmvflkwjuv`mvmvfhq^CuMµqUkw_a`jhy2mn\km{oC_!
rjp`mv`uv f©m({(\^fpq _kRyot{M{i^~L  ¬q1_ksqAy!{ksuv`MuMµmn\^` ; fpuunkw_ar^jh`~fhui^qkwjp`'mvo5_ao¥C`Imn\^` ¤ kw~n£so¥
{(\Ukwfhqmnoksq^owmn\^`~5_ao x `aow`M§Aiksj°fp_aros~vmnksq{`a`M{ksiuv`1os«fpmnu5fhqks^fpjhfpmymvo;uzmv`Mr3o¥C`~¥kwjhjp`Myguos
jhor^~nosks^fhjpfpmys ¬q3k x^x fpmvfhosq4µmv\`~n`fluqo2kRyoCq^`!{Mkwqi x s`1 \^`mn\^`~mv\`!q^`MfpC\gUoCi^~v\oAo x os
áá â`_'a$êcb(d
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Tfhsi^~n`
 "a `Mr^~v`Luz`MqAmnkmnfpoCq3os mv\^` ; fp^Uuunkw_ar^jh`2ksunuzot{fhkwmv` x  fpmv\ªk;unkw_ar^jh`
os  ,6, uvfp_!i^jhkwmv` xrosfhqAmnu'~nos_+k  {os_arUoCq^`qAm q^oC~v_kwj7_afp|gmvi^~n`s 
@ = Z 	  \)JB Z @Z"N2ONXYL= C !
Weight
Variance
Mean
kuvrU`L{fpU{1_ao x `\ksu``Mq uvit¨
{fh`qAmnjpy;`|tr^jpoC~v` x µ4`M¥s`q3mv\osi^C\mn\^`rkmn\ owImn\^` ¤ ks~v£Co¥{(\Ukwfhq
{Mkwq `
`|tr^jhosfpmv` x mno;r^~no¥gf x `k~nosi^C\kwr^r^~noR|tfp_kwmvfhosqosmv\^`
_ks~vCfpqksj°rUoAumn`~nfpoC~ x flumn~vfh^itmnfpoCq
osmv\^`{os_arosq^`MqAmrkw~(kw_a`mv`~(u 

( ) ( 	 	  /6'%&%&%& ¡ 	 [\^flukwrr^~voR|tfh_kmvfhosq±ksuoCtmnksfpq` x fhq
mn\^`5`|trosq^`MqAmvflkwj4{kCuz`Cµ TfpCi^~v`5bUµtgy{oC_ar^itmvfhq^amn\^`5rUoAumn`~nfpoC~ x fhuzmv~nfh^itmvfhosqkwm`Mks{(\fpmv`~(kmnfpoCqos
mn\^` ; fh^u¹{(\Ukwfhqksq x AykR¥s`M~nkssfhq^µCos~ `Lks{(\uv§Aiks~v` ow°k
  ,   , C~vf x fpqmv\`  
 I	 uzrkC{`Cµtmv\^`
¥ksjpi^`Luowmv\^`5roCuzmv`M~vfhos~ x flumn~vfh^itmnfpoCqu f©mn\^fhqmn\^`un§CiUkw~n`sI¦«os_arks~vfhq^mn\^flusi~v`  f©mn\mv\^`5r^jhowm
osmv\` ; fp^Uu5uvks_1rjp`1fpqPTfpCi^~n`a^µ7 \^fpjh`1mv\^`unkw_ar^jh`ar^jposm{o¥s`M~nu_aoCuzm osImv\`1\fpC\3~n`CfpoCqu¹os
mn\^``Lumnfp_kmn` x _kw~nsfhqksj=µsmv\^`~nf x s`Lu°U`m«`M`qamn\^`¹_ao x kwjU~v`Msfhosqu°ks~v`¹_1flunuzfhq^  &¹owmn` mv\kwm« \^fpmv`
öþá4ö ù
4
~n`CfpoCqufhq9Tfhsi^~n`bkw~n`fpq x fh{Mkmnfp¥C``fpmv\`~ owIk
jhoroCuzmv`~nfhos~¹r~voCkw^fhjhf©myos~ owq^o¥gfhuvf©mmvomv\^`
{os~n~v`Luzrosq x fpq!un§CiUkw~n` gymn\^` ¤ ks~v£Co¥a{(\Ukwfhq4 
Tfhsi^~n`b " ¸ rr^~voR|tfh_kmvfhosq±owmn\^` 

 
	 _ks~vCfpqksj°rUoAumn`~nfpoC~ x flumn~vfh^itmnfpoCq os~5mn\^`2`|trUoCq^`qAmvflkwj
_afp|gmvi^~n`1unkw_ar^jh`1owTfhsi^~n`1^µ7ostm(kwfhq^` x Ay;kR¥C`~(kwCfpq^amn\^`1¥Rksjpi`Mu owmn\^` osfhqAm roCuzmv`M~vfhos~km mv\^`
rosfhqAmnuosk ; fh^uunkw_ar^jh`og{M{i^~n~nfpq^1fhq`Lks{(\uv§Aiks~v` owk1s~nf x 
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
¸ uzmnksq x ks~ x kwjpmv`M~vqkwmvfh¥s`'mvomn\^` ; fh^uunkw_ar^jh`~I \^`q1mv\` x flumn~vfh^itmnfpoCq1osfhqAmv`M~v`LumflukR¥kwfhjhks^jh`'ir
mno1k!{oCqum(kwqAmfhu«mv\`~(kwq x os_ 'ksjp£ ¤ `mv~nosrosjhfhu	g´ksuzmvfhq^Cu«kwjhsoC~vfpmv\^_³4`m !   x `qowmv`mv\` \^oCjp`
rUkw~(kw_a`mn`~¥s`L{$mvoC~ km f©mn`~(kmnfpoCq
$µtmn\^`qmn\^`5q^`|gm¥kwjhi^`flu r^~nosroCuv` x kCu
!  !   .        
 \`~n`  flu°iuviksjpjhy1{(\oCuv`qksuk_i^jpmvfh¥kw~nfhkwmv` q^oC~v_kwjos~'¦'ksi{(\gy x `Mquzfpmysµgkwq x  fluI{Mkwjhfp^~(kmn` x mvokC{(\^fh`¥s`ksfh¥s`Mq2ks{M{`Mrtmnksq{`~nkwmv`¹fhq
mn\^`ks{{`rtm(kwq{`¹r^~nosUkw^fhjpfpmys T^oCjpjho fhq^ ; `jh_kwq4µ ; fhjh£gu'kwq x
os`~vmnu 1'464   µUkCoAo x ~(kwq^C`os~ mn\^`!kC{{`Mrtmnksq{`5~(kmn`ow°~(kwq x os_+kwjh£ ¤ `mv~nosrosjhflu	t´¹ksuzmvfhq^Au
ksjpCos~nf©mn\^_u'fhu , %D/ 	 , %  Tfhsi^~n` 7 r^jhowm(umv\^`uvks_1rjp`oCtmnksfpq^` x iuvfpq^mn\^`2unkw_a`
uvfp_!i^jhkwmv` x±x kmnkuvks_1rjp`
kCu5iuv` x os~Tfhsi^~n`¹t°[\^`uzfh_afpjlkw~nf©my!U`m«`M`qmn\^` Ci^~n`MuIuv\^oumn\kmImv\^`My1owmn\~v`L{o¥C`~mv\`unkw_a` `Mkwmvi^~n`Mu
os«mn\^`
roCuzmv`M~vfhos~ x fluzmv~nfp^i^mvfhosq ^itm®ksfpjImvo;kC{(\^fp`M¥s`uvyA_a_a`mn~vy3ow'mv\^`2_aks~vCfpqUkwjlu ¸ j©mn\^osis\ «`
x `jhfp`~(kmn`jhy {(\^oAuz`jho ks{M{`r^mnkwqU{`~(kmv`LuoC~
mv\` ¤ `mv~nosrosjhfhu	g´ksuzmvfhq^CuksjpCos~nf©mn\^_µ«mn\^`;Uqkwj
kC{{`rtm(kwq{`~nkwmv``fhq^jpo'`~ mn\kwq , %K/ µfpq;oC~ x `~mnokwmzmv`M_artm¹mno2_ao¥s`5i~zmn\^`~fpqAmvo2mv\^`mnksfpjlu¹osmn\^`um(kmvfhosqUkw~ny x fluzmv~nfp^i^mvfhosq4µgmn\^`osmv\^`M~«_ao x `Lu'ks~v` umnfpjhjmvogo!®kw~kR'kRy!os~'mv\`r^~nosroCunkwjmvo1~v`Lks{(\4
áá â`_'a$êcb(d
 $
Tfhsi^~n` 7 "5 `r~v`Luz`MqCm(kmnfpoCqfhq3mn\^` 

 
	 r^jhksq^`aow«mv\^` ¤ ks~v£Co¥{(\kwfhq ¤ oCqAmv`2¦'kw~njpounkw_ar^jh`akCu
uvot{flkmn` x  f©mn\;kuvks_ar^jp`5os /: ,:,6, uzfh_ijhkwmv` x rosfhqAmnu ~nos_ k  {oC_1rosq`qAm`|trosq^`MqCmnfhksj4_af©|gmni^~v`ksq x k!~(kwq x os_,kwjh£ ¤ `mv~nosrosjhfhu	g´ksuzmvfhq^Cu'kwjhsoC~vfpmv\_
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Random walk sampling
       (10000 iterations)
¸ ~n`rUkw~(kw_a`mn`~nfhunkmnfpoCq
owmv\^`5`|grosq`qAmvflkwj7rks~nks_a`mv`M~nukCu  I

( /	

( 	)
 I'  ( 	1	 ksuiuv` x uvo
mn\kmmv\^`1~(kwq x oC_6kwjh£    'osi^j x q^owm`\^fhq x `M~v` x gy{osquzmv~(kwfhqAmnu¹osqmn\^`!uvi^r^ros~vmM´o'`¥C`~Lµ
mn\^`'s`oC_a`mv~nyow^mn\^`rUoAumn`~nfpoC~ x fhuzmv~nfpitmvfhosq!~v`M_aksfpqUu4mnoAo x fp¶`M~v`MqAm~nos_ ki^q^fh_ao x kwj x flumn~vfh^itmnfpoCq
mno!ksjpjho uzit¨
{fp`MqCmks{M{`r^mnkwqU{`¹os4 f x `¹_ao¥s`Lu¬q2osmv\^`M~I'os~ x uµgkwq2fhuvowmnosq^fl{ ~(kwq x oC_ 'ksjp£Zµs`M¥s`Mq
 fpmv\k5jhks~vC`¥kwjhi^`os  µC\kCumnogouz_ksjpjZk{(\ksq{`os4`q{osi^qAmn`~nfpq^5oCq^`¹osZmv\^` ~v`M_kwfhq^fpq  ¡Z¢  /3	_ao x `Lu[\^`'unkw_a`{oC_1_a`MqCm°kwrr^jpfh`Mufhqmn\^`«qos~n_aksjA{Mksuv`sµwkCuuv\^o qfhq Tfhsi^~n`« \^`M~v`«q^o_afp|tfpq^
ot{M{i^~(u'U`m«`M`qmv\^`mn\^~n``5{oC_1rosq`qAmnuM
öþá4ö ù
:
Tfhsi^~n` " `r~v`Luz`MqCm(kmnfpoCq!osmn\^` ¤ ks~v£Co¥{(\kwfhq ¤ osqAmn`¦'kw~njpo5unkw_ar^jh`ksunuzot{flkmn` x  f©mn\
k5uvks_ar^jp`
os   ,6, uzfh_i^jlkmn` x rUoCfpqAm(u~voC_ k  {os_arUoCq^`qAm°q^oC~v_kwjg_afp|Amni^~n`ksq x k~(kwq x os_kwjh£ ¤ `mn~voCrUoCjpflu	´ksuzmvfhq^Cu ksjpCos~nf©mn\^_
Weight
Variance
Mean
	
       
	 
  q` x f©¨
{i^j©my fpmv\mv\`~nksq x oC_+kwjh£
r^~nosroCunkwjlufhumv\kwmmv\^`Myks~v`*mvogo~(kwq x oC_ ,mno
`kw^jh`mvo
\f©m5mn\^`owmn\^`~5_ao x `Mu f©mn\ uvit¨
{fh`qAm~n`Ci^jhks~vfpmys ¸ _aos~n`k x ksrtmvfh¥s`kwjpmv`M~vqUkmvfh¥s`1flumv\^`
{jhkCuvuos
³kwq^C`¥gfhq x fp¶iuvfhosq ¤ `mv~nosrosjhflu	t´¹ksuzmvfhq^AuFkwjhsoC~vfpmv\_auFr^~nosroCuv` x gy oCU`M~zm(uksq x ['`` x fp` '4:4:7:
 \fh{(\kw~n`ksuv` x osqk1~nksq x os_+'ksjp£ x ~vfpãmr^~nosroCunkwj
      . &  `  	 .         
áá â`_'a$êcb(d
 
 \`~n`  flumn\^`2iq^q^os~n_kwjhfhuv` x x `quvfpmy±osfpqAmn`~n`MuzmMµ  flu!ksq kw~n^fpmv~(kw~ny x `Mquzfpmysµksq x 
flu1kuvf©
_!i^jlkmvfhosq±uv{Mkwjh`!rUkw~(kw_a`mn`~Lµ \fh{(\ {ksq`a{Mkwjhfp~nkwmv` x kwAkwfhqummv\^`kC{{`Mrtmnksq{`1~(kmv`1owImv\^`{oC~z
~n`Muvrosq x fhq^ ¤ `mv~nosrosjhfhu	g´ksuzmvfhq^CukwjhsoC~vfpmv\_­Uuz`M`os`~vmkwq x ¦'kCuz`Mjpjlk '4:4648 oC~ x `m(kwfhjhuM«[\fhu
_ao x fpU{kwmvfhosq1fpqAmn~vo x i{`Muk x ~nfpãm°mv`~n_µ

&    `  	   µs \^fl{(\!ri^jpjlu°mn\^` ¤ ks~v£Co¥{(\Ukwfhq!mno'ks~ x umn\^` _ao x kwj Mosq^`Luowmv\^`uzi^rrUoC~zm°ow   ¸ u x `mnksfpjh` x fhq ¸ r^r`q x f©|  µwmv\^`¹³kwq^C`¥gfhq1ksjpCos~nf©mn\^_ {ksq
`LksuvfpjhyU`afh_ar^jp`M_a`qAmv` x fhqoCi^~5uz`mzmvfhq^U¯3`k x osrtm5kwq±kwr^r~voR|tfh_akwmv`ksr^r^~noCkC{(\os~ mv\`1{os_ar^it
m(kmnfpoCq;ow°mn\^`!C~nk x fh`qAm      µ7~v`Mr^jlks{fhq^mn\^`1`|^ks{m x `~nfh¥Rkwmvfh¥s`   `
	      fpmv\mv\^`q^fpmv`x f©¶Z`~n`q{`5kwr^r^~noR|tfp_kwmvfhosq
  ` . ( 	   `   ( 	
 

 \`~n`  flu1k3uz_ksjpj'¥kwjhi^`ksq x  ( mv\^`kwr^r~voCr^~vflkmn`ksuvflu¥C`M{$mnos~L¯ \^fhjh`ksq `|^kC{$m!`|tr^~v`Luvuvfhosq{osi^j x U` x `M~vfh¥s` x µt'` r~v``~mv\`kwr^r^~noR|tfp_kwmvfhosq
oC~uz`M¥s`M~nksjU~n`MkCuzoCqu "
 qgi^_a`~nfl{kwj x `~nfp¥kmnfp¥C`Mu{ksq`5iuv` x fhqC~v`Lkmn`~'s`q`~(kwjhf©myamn\kwqkwqUkwjhyCmnfh{Mkwj x `M~vfh¥kmvfh¥s`Lu­
 mv\^`Myks~v`iUuziksjpjhy®ksuzmv`~¹mvo2{os_ar^itmn`5mv\UkwqksqkwjhyAmvfl{kwjF¥s`~(uvfpoCquµ`MuvrU`L{flkwjhjpyfpqjhkwmv`qAm¹¥ks~vflkw^jh`Mu
uv`mvmvfhq^Cu uvi{(\ksu_afp|Amni^~n`5_1o x `Mjhu \`~n`mn\^`5jhosw x `M~vfh¥kmvfh¥s`LuIfhqg¥soCjp¥C`_kwqgy2{os_ar^jh`|
mn`~n_u­
 mn\^`kwrr^~voR|tfh_kmvfhosq"`¶Z`M{m
fhuam(kw£C`q fpqAmno kC{{osi^qAmgyªmv\`;r^~nosroCunkwj x flumn~vfh^itmnfpoCq fhq mv\^`3ks{$
{`rtm(kwq{`r^~nosks^fhjpfpmyksq x fhumv\giu{os~n~n`M{$mn` x "Imv\^`rUoAumn`~nfpoC~ x flumn~vfh^itmnfpoCqfhuumnfpjhjFmn\^`!uzmnkwmvfhosqks~vy
x fhuzmv~nfpitmvfhosqowmv\^`{os~n~v`Luzrosq x fpq ¤ ks~v£Co¥
{(\kwfhq4­
 mn\^`°_a`mn\^o x osr`qu7q` \^os~nf osqUuZ f©mn\mn\^`roCunuzfh^fhjpfpmy¹osguv`_afpTksitmvoC_kmv` x¤ `mn~voCrUoCjpflu	t´¹kCumnfpq^Au
ksjpCos~nf©mn\^_u'fpqmv\`uz`Mquz` mn\kmmn\^`³Fksq^s`M¥gfpq_1o x ijp`Rr^~not{` x i^~v`5{MkwqU`5fh_ar^jp`M_a`qAmv` x fpq x `r`qt
x `qAmvjhyowmv\^` x `Mquzfpmy  µgmv\`un{ksjp`®ks{mvoC~

fpq    `fhq^un{kwjh` x kwAkwfhqum«mv\^`5kC{{`Mrtmnksq{` ~(kmv` fhq
k1kw~n_i^rum(kwC`sTfhsi^~n`Mu!kwq x 5 fpjhjhiumn~nkwmv`mv\^`5`\UkR¥Afhosi~'osFmn\^`5kwjhsos~nfpmv\^_ fhq2mn\^`5`|trosq^`MqAmvflkwj7kwq x q^oC~v_kwj
{Mksuv`Mu ~n`Muvr`M{$mnfp¥C`jhys T^oC~ mv\^``|trUoCq^`qAmnfhksjF_af©|gmni^~v`Cµ^mn\^`o¥s`M~vjlkwrowmn\^`5mv\~v`M`{oC_1rosq`qAm{(\ksfpqu
flu_!i{(\ _1oC~v`unkmnfhuz®ks{mvos~ny mv\Ukwq os~amn\^` ; fh^u
{(\Ukwfhq4µ'ksj©mn\^osis\ mv\^`;{(\Ukwfhq kCuvuvot{flkmn` x  fpmv\
{os_arosq^`MqCm / uzmvfhjpjU®kwfhjlumno¥gfhuvfpm'oCq^`owFmv\^`¹mv\^~n`` osq`Mu«ow4fh_1ros~vmnksq{` kãmn`~    ,  ,:,6, f©mn`~(kmnfpoCqu[\`k x ¥kwqAm(kws` owiuvfpqamv\^`³kwq^C`¥gfpqkwjhsoC~vfpmv\_ fhu qowm¹uvo
{jh`Mkw~fhqmv\^`5qos~n_aksj4{kCuz`5uvfpq{`mv\^`
mn\^~n``s~nosiru5osUuz`M~v¥C` x osq mv\`
s~(kwr^\Uuow TfpCi^~v` 5 umnfpjhj«{os~n~v`Luzrosq x mvoosq^`
{os_arUoCq^`qAm`Lks{(\4
¯ \fpjh`mn\^` x `quvf©my  fhq    {Mkwq;`!ks~v^fpmv~(kw~nysµU«`osi^q x fpqr^~nkC{$mnfh{``mzmn`~ _af©|tfhq^2r^~nosr`~vmvfh`Mu
oC~'ka¦'kwi{(\gy x `qUuzfpmy1mv\ksq
os~'kq^oC~v_ksj x `Mquvf©myCµgk®ks{m«fhqkwC~v`M`_a`qAmI fpmv\2mv\^`jpfpmv`M~nkwmvi^~n`  uz`M`sµ
`C Upµdgmv~(kw_a`~ksq x ['`` x fp`Cµ '464   
 	 M 	 	31
dtfpq{` um(kwq x ks~ x!¤ kw~n£so¥5{(\ksfpq ¤ osqAmn`¦'ks~vjhouv{(\^`M_a`Mukw~n`«qowmkw^jh`«mvo'i^_araU`m«`M`q!mv\^` `L§Cifp¥k
jh`qAm_ao x `MuowZmv\^`m(kw~ns`m x fhuzmv~nfh^itmvfhosqFµs'` q^`` x ksqkwjpmv`~nqkwmvfh¥s` umn~nkwmv`Msyskmn\^`~mv\ksq!mn~vygfhq^mvo
~n`Uq^`mn\^`³kwq^C`¥gfpqkwjhsos~nfpmv\^_u°oC~Imn~nksquoC~v_ mv\`r^~nosjp`M_µA'`¹fhqCmn~vo x iU{`k ?R=
 H =&LcN2O uv{(\`_a`sµ
oCjpjho fhq^-&`Mksj  464   [\^fluksr^r^~noCks{(\fhu¹kwr^r`Mksjpfhq^afpqmn\kmfpm¹`qU{osi~nkss`Mu«_ao¥s`LuU`m«`M`qmv\^`
x f©¶Z`~n`qAm_ao x `Mu¹fpqi^jhjFC`q^`M~nksjpfpmysµ^fpm¹flumvo
uvos_a`5`|Amn`qAm¹fhq x `MrU`Mq x `qAm¹osmn\^`i^q x `~njpygfhq^_ao x `j
ksq x uzmnkwmvfhosqks~vy x fhuzmv~nfpitmvfhosq4µkwq x mv\giu5{oCi^j x `aiuz` x oC~5k f x `a~(kwq^C`ow'_ao x `jluµ4fhq{jpi x fpq^
jlkmn`qAm¹¥kw~nflkw^jh`_ao x `jlu   os`~vmMµ '4:465: ¯3`! fpjhj{osq{`qAmv~(kmn`5osqoCq^`mygr`ow°mn`_arU`M~vfhq^2uzmv~(k
mn`Cysµ^iuvfhq^¥kw~nyAfhq^ro«`M~nuosmn\^`roCuzmv`M~vfhos~ x fluzmv~nfp^i^mvfhosq4µU^itm¹'`5q^owmn`5mv\Ukm¹kwjpmv`M~vqUkmvfh¥s`Lu uziU{(\
öþá4ö ù
 
Tfhsi^~n` " `Mr^~v`Luz`MqAmnkmnfpoCq2fhq2mn\^` 

 
	 r^jlkwq^`owmv\^` ¤ kw~n£so¥a{(\kwfhq ¤ osqAmv`¦'kw~njho1unkw_ar^jh`5ksunuzos
{fhkwmv` x  f©mn\mn\^` x fluzmv~nfp^i^mvfhosq  µRoC~Fmn\^`uvks_1`I`|trUoCq^`qAmnfhksjAunkw_ar^jh`«kCuFfhq+TfpCi^~n` 7 ksq x k³Fkwqs`¥gfhq
¤ `mv~nosrosjhflu	t´¹ksuzmvfhq^Au«ksjpCos~nf©mn\^_
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Langevin sampling
       (100000 iterations)
kCu{oCqg¥sosjhitmnfpoCqu f©mn\ "  ,   & 	 x fluzmv~nfp^i^mvfhosqu«{osij x ksjhuvoU`iUuz` x µC fpmv\   r^jlkRyAfhq^mn\^`~nosjh` owZmv\^`mn`_ar`~(kmvi~v`C
dgfh_ijhkwmv` x mv`M_arU`M~vfhq^os~nfpCfpqUkmv`Lu ~nos_ mn\^`uvks_a`!oCuz`M~v¥kwmvfhosqkCu uvfh_i^jlkmn` x ksq^q^`Lkwjhfpq^Uµ7qk
_a`Mjpy mv\UkmFmn\^`'_akw|tfp_afluz`M~nukwq x _afhq^fh_1fluv`~(u4owki^q{mvfhosqJkw~n`f x `qAmvfl{ksjsmnomv\oCuv`Iowk¹_aosq^osmvosq`
mn~nksquzos~n_ osImn\^`ai^q{mvfhosq4µ7oC~fpquzmnksq{`aro«`M~nuowµ«1¯ \^fpjh`uzfh_ijhkwmv` x kwqq^`Mksjpfhq^ksfp_u
mno
`_ar^\UksuvfM`_afpq^fh_k2ksq x _k|tfp_kosmv\^`i^q{$mnfpoCq4µmv`M_1r`~nfhq^mv~nfh`Mu mn\^`!{osqg¥s`M~nuv`sµ^ºUkmvmv`qfpq^
r`Mks£tukwq x jpjhfhq^¥kwjhjp`MytuµAuzo5mn\km'k5~nksq x oC_kwjh£1{Mkwqa_ao¥s`_aos~n`~n``jhy1osqamv\`¹uzi~z®kC{`s´o'`
¥C`~Lµt~nkwmv\^`M~'mv\ksquvfh_1rjpyuzfh_i^jlkmnfpq!~nos_    f©mn\	 . / µ \^fh{(\'osi^j x sfh¥s`5k1_1oC~v`5{os_ar^jh`mv`
áá â`_'a$êcb(d
 b
Tfhsi^~n` 5 "  `Mr^~v`Luz`MqAmnkmnfpoCq ow5mv\` ¤ kw~n£so¥"{(\kwfhq ¤ osqAmn`±¦'kw~njpoªunkw_ar^jh`kCuvuvot{flkmv` x  f©mn\ mv\^`
x fhuzmv~nfpitmvfhosq  µ oC~
mn\^`3unkw_a`q^oC~v_kwj uvks_ar^jp`3ksufhq TfpCi^~n`ªkwq x kª³Fksq^s`M¥Afhq ¤ `mn~voCrUoCjpflu	
´ksuzmvfhq^Cu ksjpCos~nf©mn\^_
Weight
Variance
Mean
rfh{mvi^~n`osmv\`uvi^~v®ks{`2ow  ^itm
{oCi^j x q^osm1`iuz` x x fh~n`M{$mnjpy oC~a`Muzmvfh_akwmvfhosq~nos_   `|t{`rtm
r`~n\ksrugyªd  _a`mn\^o x u  µ ; `yC`~1kwq x [\os_uzoCq  464:7: kwq x &`Lkwj '4:4   fpquv`~vmmn`_ar`~nfpq^
uzmv`Mru f©mn\^fpq k ¤ kw~n£so¥{(\Ukwfhq ¤ osqAmn`¦'ks~vjho2unkw_ar^jh`~mvo
ot{iu osqmn\^` x fhuzmv~nfpitmvfhosq3owfhqCmn`~n`MuzmMµ
kCu`|tr^jlkwfhq^` x `jho5
öþá4ö ù
37
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 
&¹`Mksj 1'464   uv\^ou mn\km5k
¥ksjpf x kRy
mvofpqUuz`M~zmuzfh_i^jlkmnfpoCqu¹~voC_    f©mn\^fhq3kwq ¤ kw~n£so¥2{(\Ukwfhq
¤ osqAmv`¹¦'kw~njhounkw_ar^jh`~oC~  flumno5iuz` ksq/*zi^rt¬kwq x  x o q ,Iun{(\^`M_1`"dAm(kw~vmvfhq^kmmv\`¹{oCqtsi~nkwmvfhosq  µwmn\^` q^`|AmI{osqtUsi^~(kmnfpoCq      flur^~voCrUoAuz` x iUuzfhq^fpqAmn`~n_1` x flkmv` ¤ ks~v£Co¥5{(\kwfhq ¤ osqAmv`¹¦'kw~njho
uzmv`Mru  \^fl{(\_kwfhqAmnkwfhq x `m(kwfhjp` x kwjlkwqU{`5 fpmv\;~n`MuvrU`L{$m mnomv\^`ºUkmvmv`~  Idgfhq{`  _kRy2\UkR¥s`mvo
`¹¥C`~ny1uv_kwjhj^oC~Imn\^`kCuvuvot{flkmv` xx flumn~vfh^itmnfpoCqamvo`uzit¨
{fp`MqCmnjpy!ºUkwmIos~'sogo x _af©|tfhq^µCmv\`\gi^C`
x f©¶Z`~n`q{``m'``q  ksq x  "{kwqjh`Mk x mvo
\fpC\;~v`z`M{mvfhosq~(kmv`Lu¹¦«oCquz`L§Ai^`qAmvjhymv\^`!qAi_`~¹os
fhqAmv`M~v_a` x fhkwmv`uzmv`Mru'fhu«fhq{~n`MkCuz` x gy1iUuzfhq^!k1uv`M§Ai^`qU{`¹osF{jhoCuv`jhyuzrkC{` x  . %&%'% .  . / µtkwq x{os~n~v`Luzrosq x fpq!uv`M§Ai^`qU{`ow°uzfh_ijhkwmvfhosqu"
/	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dgfhq{`mv\fhuuv{(\`_a`«{osquzmvfpmvitmn`MuFmv\^`«r^~nosroCunkwjw_a`M{(\Ukwq^fluz_Wos~mv\`Io¥s`M~nksjpj ¤ kw~n£so¥{(\Ukwfhq ¤ osqAmv`
¦'ks~vjho5kwjhsoC~vfpmv\^_µAk qkwjks{M{`r^mnkwqU{`uzmv`rflu°~n`M§Ai^fh~v` x [\^fhuqksjumn`r
{os_arU`Mqunkmv`Luos~Imv\^`®ks{$m
mn\km mn\^`  (  ukw~n`q^owm x fluzmv~nfp^i^mv` x ~nos_+mv\^` *z~nfpC\Cm , x fhuzmv~nfh^itmvfhosqUu&`Mksj  464   uz\ou'mv\kwmmv\^`
kC{{`rtm(kwq{` uzmv`Mr?@@ -*       & BA # )C *   D#E#  FHGJILK /:   ,   	`   	 0&0&0  9 M 87  	 9<; , M N7  	  9<; , M  	 9 O  	 0&0'0 `O & N7  	  , O & 87  	P  b 
_ksfpqAmnksfpqUu x `m(kwfhjp` x kwjlkwqU{`5 fpmv\~n`MuvrU`L{$mmnomv\^`mnkw~ns`m x flumn~vfh^itmnfpoCq   &¹owmn`5mv\kwmmv\fhuks{{`rt
m(kwq{`«r~voCkw^fhjhf©myosqjpy5fhqg¥sosjh¥s`LuF~(kmnfpoAuFos`MkC{(\osmv\` x fluzmv~nfp^i^mvfhosqu  +Q ksq x flumv\giufhq x `MrU`Mq x `qAm
osImn\^`aq^os~n_kwjhfhuvfpq{oCquzmnkwqAm(u­4fpm5fhuroCunuvfp^jh`!mvoiuv`aun{(\^`M_1`Lu owmv\`~ mv\ksq±uv`M§Ai^`Mq{`Lu owIro«`M~nu
 fpmv\ositm mn\^fhu~v`Luzi^jpm U`Mfpqakw¶`L{$mn` x  I§Aikwmvfhosq  b  {ksq`5~v`M ~vfpmzmn`q§Ai^f©mn`5qkmni^~(kwjhjpy
kCu
FLGJISR /6T `M & 87  	`  	U  7 -, T `O & N7 & 	`M  	 U -, 7 10 0'0&0T `O  	`M 87  	 U  9<; , 7  9V
{os~n~v`L{$mnfpq^1oC~ mv\^` ~voCq^ x fhuzmv~nfh^itmvfhosqUu owmv\`{oCq x fpmvfhosqksj4¥kw~nfhks^jp`Lu  ('¯ \^`Mqmv\^` x f©¶Z`~n`q{`Mu
 (   (   kw~n`2uv_kwjhj=µmn\^`o¥C`~(kwjhjIks{M{`Mrtmnksq{`
~(kmn`uv\^osij x mn\AiUu!`2\fpC\4µksu1uz\osi^j x mv\`jhot{kwj
áá â`_'a$êcb(d
 
kC{{`rtm(kwq{`2~(kmv`LuCfp¥C`q mv\^`uv_aksjpj x fp¶Z`~n`q{`Mu!U`m«`M`q"mv\^`  +Q  uM ´¹o«`M¥s`~Lµmv\`ksuzmnkss`
os
uvfh_i^jlkmnfpoCqu'fpq{~v`Lksuv`Mu' fpmv\	
dg`M¥s`M~nksj_ao x f©{kmnfpoCquI{Mkwq
`¹r~voCrUoAuz` x osqamv\fhu'uv{(\`_a`"~(umnjpyCµAkCuIfhq &`Lkwj '4:4   µgk x^x fpmvfhow
qUkwjtuzfh_ijhkwmvfhosqu~nos_  9{ksq`'C`q^`M~nkwmv` x `m'``q1um(kwC` 3 ksq x uzmnkss` 3  uvfhq{`«mv\^flu®ks{fpjhfpmnkmn`Mu
_ao¥C`Mu'U`m«`M`q_ao x `Mu \^fhjp`5r~v`Luz`M~v¥gfhq^mn\^`5ksjhksq{`{oCq x fpmvfhosq  kwq x mn\^`ks{M{`Mrtmnksq{` r^~nosks^f©
jhfpmy  b 1 'dg`L{osq x jpyCµksu mv\^`5i^r^Tksq x  x o qun{(\^`M_1`5flukCuvuvot{flkmv` x  fpmv\mn\^`5sjhosUkwj7`|tr^jhos~(kmnfpoCqos
mn\^`
roCuzmv`M~vfhos~uvi^r^ros~vmMµkwqªkw~n^fpmv~(kw~nyqgi^_`~osuzfh_i^jlkmnfpoCqu ~nos_ mv\^`am(kw~ns`m x fhuzmv~nfpitmvfhosq  µ
iUuzfhq^5mn\^` ³kwq^C`¥gfhqr^~voCrUoAuvksj^ow$t ^µg{ksqU` fpqUuz`M~zmn` x `m'``q
m«oirtTksq x  x o qr^~nosroCunkwjlumvo
fh_ar^~no¥s`mv\^`5jhot{kwj7`|tr^jpoC~nkwmvfhosqowFmn\^`{i~v~n`qAm _ao x `s
 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 !     	          !   "    
dtfpq{`  flukR¥kwfhjhks^jp`±i^rWmvo²k {oCqum(kwqAmMµ   flu;kwjluzo £gq^o qJirWmno k {osquzmnksqAmksq x ¥ks~vfhosiu
¤ `mv~nosrosjhflu¬´¹kCumnfpq^AuIr~voCrUoAuvksjhu'{oCi^j x `5iuz` x  ¬qrkw~vmvfl{i^jlkw~LµAmv\^`5³kwq^C`¥gfpqkwjhsoC~vfpmv\^_ osdg`L{$
mnfpoCq^ ak x kwrtm(u §Ai^f©mn`5qkmni^~(kwjhjpyiuvfhq^   r^~nosroCunkwj
     -  . &     `  	 .   % 76
[\` r^~voCrUoAuvksjhufhq1mv\^` mn`_ar`~nfpq^uzmnkss`Lu`Mks{(\1fhqA¥Cosjh¥s`k5uv{Mkwjh`'®ks{$mnos~

( 1/
	 	 3 	  \^fh{(\aflu~(um
{Mkwjhfp~nkwmv` x gy
mn~vflkwjp¬kwq x T`~n~nos~«mvo
oCtmnksfpq;ksqkC{{`rtm(kwq{`5~nkwmv`5`m'``q , %D/  akwq x , %   tµtoCjpjho fpqos`~vmnukwq x [«`M` x fh` '4:4:7: [\AiUu kwjpmv\^oCi^s\2mv\^`5fh_arUoC~zm(kwq{`osFmv\`5s~(k x fh`qAm'mv`~n_ x `L{~n`MkCuz`Lu
kCu x `L{~n`MkCuz`LuµAmv\`5_1o¥C` 76 flu q^osmq`M{`Luvunkw~nfhjpy_aos~n`~v`Lumn~vfl{$mn` x mv\ksq fpmv\	  / ; fh¥s`Mq2mn\^` os~n_aksj~v`M` x oC_,fpqmv\`{(\osfl{` owFmn\^`*¬ºkmzmn`~ , x fluzmv~nfp^i^mvfhosqu kwmjh`¥C`j  fhq2mn\^`i^rt
ksq x  x o q
un{(\^`_a`sµg'`¹'os~n£! fpmv\k5mn`_ar`~nfpq^1uv{(\` x i^jh`  \^`~n`kwm«jh`¥s`Mj  ~(kmn\^`~Imv\ksq2~(kwfluz`¹mv\^`
 \osjh`'roCuzmv`M~vfhos~mnomv\^` ro'`~ 5(µC«`ro«`M~°i^r iumImv\^` jhfp£C`jhfp\oAo x  \^fhjp`mn\^` r^~nfpoC~{oCqCmn~vfh^itmnfpoCq
flujh`ãmi^q{(\Ukwq^C` x ¹[\fhu{(\^osfl{`ksu¹_aowmvfh¥kmn` x gymv\^`!i^q{`~vmnkwfhqAmyksUoCitmmn\^`fhqAmv`C~nks^fhjpfpmyos
mn\^`5ruv`i x ow x fhuzmv~nfh^itmvfhosq  +QIoC~uz_ksjpj7¥kwjhi^`Luow  (zµkwq x jh` x mvoa`mvmv`~¹~v`Luzi^jpmnufhqr^~(ks{$mnfh{`s
[\^`2qAi_`~os'jh`¥C`jlukwq x mn\^`
~(kmv`os x `M{~v`Lksuv`1os«mn\^`
ro«`M~5_iuzm`2{(\^oAuz`Mq3 fpmv\ª{Mkw~n`
mnokC{(\^fp`M¥s`kuzi^¨{fp`MqAm ~(kmn`owIjlkw`juv f©m({(\^fpqkmmv\^`1jho«`Lum rUo'`~L¹¯±`!oCuv`~n¥s` x uv`quvfpmvfh¥Afpmy
osmv\^`!_1`mv\^o x mnomv\`{(\^osfl{`ow  k  mv\`jpo'`Muzm¹ro«`M~ µ    mv\^`!qAi_`~¹os°jp`M¥s`jlu 3 µkwq x  { 
mn\^`~(kmn`osfpq{~v`Lksuv`ow°mn\^`ro'`~Lµ  (   (M7   Tfh~nuzmMµmv\`jho«`Lum¹ro'`~¹_!iuzm `!{(\^oAuz`Mq;uz_ksjpj`Mq^osis\1mvo`Mquvi^~v`mn\km«_1o¥C`Mu`m'``Mq_1o x `LuIks~v`'~n`M§Ai^`qAm«kwmmv\fhuIrUo'`~L­wmn\^fhu«{ksq1`kCuvuv`Munuv` x
gy1k5r^~n`jhfp_afhqkw~ny{(\^`L{(£[\^` ºkmzmn`~°mn\^`m(kw~ns`m x fhuzmv~nfh^itmvfhosq  «µsmn\^``Lksuvfp`M~mv\^`_1o¥C`Mu`m'``Mq
mn\^`
_ao x `MuMµksu{Mkwq U`2osuv`~n¥s` x fhqr^~(ks{$mnfh{`fpq Tfhsi^~n` 4  \^fl{(\ªuz\ou mv\^`2uvfh_i^jlkmn` x uvks_ar^jp`
~nos_ mv\^`a`|trosq^`MqAmvflkwj°_af©|gmni^~v`kwmro'`~   / ,  ksq x  fpmv\ kwq kR¥s`M~nkss`kC{{`rtm(kwq{`1~(kmn`!os, %   TfpCi^~v`  $ fhjhjpiuzmv~(kmn`Mu'mn\^`uvks_a` _afp|tfpq^r\^`q^oC_a`q^oCq2oC~ mv\^`5qos~n_aksj7_ao x `j7 fpmv\;k1rUo'`~os , % , / ­4mn\^`_kw~nsfhqkwj\^fluzmvosC~nks_uos«mn\^`arkw~(kw_a`mv`~(u  
 $  %Q	 kw~n`kwr^r^~noR|tfp_kwmv`jhyuzyg_a_a`mn~vfl{w
¯ \fpjh`k3jho,`q^oCi^s\ rUo'`~1fhu1osi^q x mno±kC{(\^fp`M¥s`2k3sogo x _afp|tfpq^±~(kmv`Cµmv\^`C`q^`M~nkwmvfhosq ~nos_
mn\^`5³Fksq^s`M¥Afhq2r~voCrUoAuvksjkCuvuvot{flkmv` x  fpmv\  9 fpqmv\^`5irtTksq x  x o q2un{(\^`_a` x og`Muq^osm q^`M{`Munuvks~vfhjpy
`Mqoymn\^`
uvks_a`1r~voCrU`M~zmnfp`Lu \^`q  9kwq x  9<; , ks~v`!mvogo x fp¶`M~v`MqAmM ¤ oCq^f©mnos~nfpq  5ksjpoCq^mv\^`
mn`_ar`~nfpq^afpmv`M~nkwmvfhosqu uv\^ou'fpqrks~zmnfh{i^jlkw~'mv\kwmmv\^`5_afp|gfhq^r^~nosr`~vmvfh`Muks~v`q^osm'mn\^`unkw_a`5ksu«os~
k5³kwq^C`¥gfhq1{(\ksfpqa fpmv\
uzmnkwmvfhosqks~vy x fluzmv~nfp^i^mvfhosq   9 °[\^` ~n`MkCuzoCqoC~°mv\fhuksr^rks~v`MqCm x flun{~n`rksq{y
öþá4ö ù
 
Tfhsi^~n` 4 "5 `r~v`Luz`MqCm(kmnfpoCqfhq3mn\^` 

 
	 r^jhksq^`aow«mv\^` ¤ ks~v£Co¥{(\kwfhq ¤ oCqAmv`2¦'kw~njpounkw_ar^jh`akCu
uvot{flkmn` x  f©mn\ mv\^` x fhuzmv~nfpitmvfhosqr^~nosros~vmvfhosqUkwjmvo 3 0   µos~mv\^`2unkw_a`
unkw_ar^jh`
ksu5fhq TfpCi^~n` 7   / ,:,6,  ksq x ka³kwq^C`¥gfpq ¤ `mv~nosrosjhfhu	g´ksuzmvfhq^Cu'kwjhsoC~vfpmv\^_
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Powered Langevin sampling
       (10000 iterations)
flumn\km°mn\^`{oCq x fpmvfhosq^fhq^5¥kwjhi^`  87  flu°q^owm x fhuzmv~nfpitmv` x ~voC_  9 ^itm°~nos_  9<; ,Rµs \fh{(\aflu°_aos~n`{osq{`qAmv~(kmn` x kw~nosi^q x mn\^`¹_ao x `Lu°ow  µAmv\giuIr^~v`M¥s`MqCmnfpq _ao¥C`Mui^~vmv\`~«kRkRy5~nos_mv\^`Luz`_ao x `Lu
¯±`oCi^q x fhq2r~nkC{$mvfl{`mv\kwm«s`Mos_a`mn~vfl{ x `L{~n`MkCuz` ~(kmn`MuIuvi{(\2kCu  (  /     3 	 0  1/    	 rU`M~zoC~v_
`mvmv`M~ mv\ksqjpfhq^`Mks~ x `M{~v`Lksuv`~(kmn`MuMµt \^fhjp`5fhq{~n`MkCuzfhq^1mv\`5qAi_`~ owjh`¥s`Mjhujh` x mnoa®ksuzmv`~ _afp|tfpq^
kwmIjh`¥s`Mj 3  TfpCi^~v` 6 fhjpjhiuzmv~(kmn`Mumn\^`uv f©m({(\^fhq^`\kR¥gfhos~osmn\^`{(\UkwfhqowZmv\^` $   uMµCfhqamv\`¹q^oC~v_kwj{Mksuv`sµt fpmv\jhosq^uzmnkRytu kw~nosi^q x `Lks{(\_1o x `Cµ^fhq{osqAmv~(ksuzm fpqmn\^`5_i{(\®kCumn`~ _af©|tfhq^aowmv\^`{(\Ukwfhq
kCuvuvot{flkmn` x  fpmv\ 3  0c  µuv\^o qfpq]TfpCi^~n`  $ Tfhsi^~n`Mu  2kwq x  
Cfp¥C`mn\^`!~n`Muvi^jpmnu owIksqfh_ar^jp`M_a`qAmnkwmvfhosq fpmv\ 3    , kwq x 3  jh`¥s`Mjhufhq±mv\^``|trUoCq^`qAmvflkwjksq x q^os~n_kwj{kCuz`Luµ7~n`Muvr`M{$mnfp¥C`jhys·'owmn\ ks~v`a§Ai^fpmv`
unkmvfluz®ks{$mnos~nyfpq±mn`~n_auos
_afp|tfpq^Uµtuzfhq{`mv\` _ks~vCfpqksjunkw_ar^jh`MuIos~'mn\^` mv\^~n``{oC_1rosq`qAmnu'kw~n`{os_arkw~(kwjp`C[\^`5uzmv`MrA fluv`
kC{{`rtm(kwq{`
~nkwmv`Lukw~n`2kwjhj{kwjhfh^~nkwmv` x `m'``Mq , %K/  ksq x , %   tµkwq x ~n`_ksfpqfhqmv\`unkw_a`
~(kwq^C`ksjpoCq^ mv\`;i^rt¬kwq x  x o q fpmv`M~nkwmvfhosquM dgfpCq^fpU{ksqCmnjpy mv\^`3_kw~nsfhqkwjluafpq mn\^`Muv`;Usi^~n`Mu
ks~v`;§Ai^fpmv`
uvfh_1fhjlkw~ fpqPTfpCi^~v`  kwq x TfpCi^~v` \fh{(\3¥Rksjpf x kwmv`Mu @+H[J3Zc?R=&LcNJLcN ! mv\^`aoCitmvr^i^mosmv\`1oC~vfhsfhqksj
¤ kw~n£so¥{(\kwfhq ¤ osqAmv`¦'ks~vjho1unkw_ar^jh`~(uM
[\^`'osg¥gfhosiu x ~nkR Uks{(£ ow^mn\^`Imn`_ar`~nfpq^ uv{(\`_a`Iflumv\^`{oCquzf x `M~nks^jp`«{os_ar^i^mnkmnfpoCqkwjA^i^~ x `Mq
fpm`qAmnksfpjlu­siuzfhq^   , jh`¥C`jluF_!i^jpmvfhr^jpfh`Mumn\^`Imnowm(kwjgqgi^_`~owUuvfh_i^jlkmnfpoCquFgy / ,:, µRos~fhqowmn\^`~'os~ x uµ'`osqjpy±iuv` /	 owmv\^`uzfh_i^jlkmnfpoCquM ¤ oC~v`Mo¥s`~Lµ4q^osm!kwjhjos'mn\^`Muv`2{os_ar^itm(kmvfhosqUkwjhjpy3`|trU`Mquvfp¥C`
r~voCrUoAuvksjhu« fpjhj4`ks{M{`r^mv` x ­gmv\^`5jhoJks{M{`Mrtmnksq{`~(kmv`_aowmnfp¥kwmv`Mu'mn\^`iuv`5owk x^x fpmvfhosqksj4umn`ruos
áá â`_'a$êcb(d
 5
Tfhsi^~n`  $ "´¹fhuzmvoCs~(kw_u°os7mv\^` {os_arosq^`MqAm fhuv` ¤ ks~v£Co¥{(\kwfhq ¤ oCqAmv` ¦'ks~vjhouvks_ar^jp`LuIkCuvuvot{flkmv` x
 fpmv\±mn\^` x fhuzmv~nfh^itmvfhosq r^~nosros~vmvfhosqUkwjmvo 3  0)  µ4oC~mv\^`unkw_a`uvks_1rjp`ksu fhqUTfhsi~v`      ,6, ksq x k³kwq^C`¥gfpq ¤ `mv~nosrosjhflu	t´¹ksuzmvfhq^Au°kwjhsos~nfpmv\^_µsfhqmn\^` 

 $ 	 RBD= )?!µ %  $8	   N  BK= !ksq x 

 %Q	
rjhksq^`MuRLcN ? !    ,  ,6,6, f©mn`~(kmnfpoCqu  
p
th
et
a
0.0 0.2 0.4 0.6 0.8 1.0
-5
0
5
10
p
ta
u
0 1 2 3 4 5
-5
0
5
10
Component 1
tau
th
et
a
0.0 0.2 0.4 0.6 0.8 1.0
0
1
2
3
4
5
p
th
et
a
0.0 0.2 0.4 0.6 0.8 1.0
-5
0
5
p
ta
u
0 1 2 3 4 5
-5
0
5
Component 2
tau
th
et
a
0.0 0.2 0.4 0.6 0.8 1.0
0
1
2
3
4
5
p
th
et
a
0.0 0.2 0.4 0.6 0.8 1.0
-5
0
5
10
p
ta
u
0 1 2 3 4 5
-5
0
5
10
Component 3
tau
th
et
a
0.0 0.2 0.4 0.6 0.8 1.0
0
1
2
3
4
5
Tfhsi^~n` 6 "¹kR r^jposmnu ow'mv\`
{(\kwfhqu $   ^  /6Y8	 os~mn\^`amv`M_1r`~n` x ³kwq^C`¥gfpq ¤ `mn~voCrUoCjpflu	´ksuzmvfhq^Cu ksjpCos~nf©mn\^_  3        % ,:,   	 ksq x mv\^`unkw_a`uvks_1rjp`kCufpqETfpCi^~v`5      ,6,  
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mn\^`³Fkwqs`¥gfhqr^~nosroCunkwjos(^ U`m«`M`qmn`_arU`M~vfhq^1umn`ruM Tm'fluI'os~vmv\2q^owmnfpq^mv\kwm'fpm'uv\^oCi^j x U`
roCunuvfp^jh`1mvo_kw£C`1iUuz`aow«mv\^`~n``L{$mn` x uzfh_i^jlkmnfpoCqugy;~n`M{yt{jpfhq^mv\^`M_ mv\~voCi^s\ kd  un{(\^`M_1`
öþá4ö ù
 4
Tfhsi^~n`   " `Mr^~v`Luz`MqAmnkmnfpoCq fpq mn\^` 

 
	 r^jlkwq`;ow mv\^` ¤ kw~n£so¥ª{(\Ukwfhq ¤ osqAmv`±¦'ks~vjhouvks_ar^jp`
kCuvuvot{flkmn` x  f©mn\ mv\^` x fhuzmv~nfpitmvfhosq  µos~mv\^`2unkw_a``|grosq`qAmvflkwjIunkw_ar^jh`
ksufpqUTfhsi^~n`kwq x k
mn`_ar`~n` x ³Fksq^s`M¥Afhq ¤ `mv~nosrosjhflu	t´¹ksuzmvfhq^Au«ksjpCos~nf©mn\^_  3    , jp`M¥s`jlu  
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Tempered Langevin sampling
       (10000 iterations)
  i^^fhq4µ '4:5   µ°mv\Ukm
fluaAy~n`Munkw_ar^jhfhq^~nos_ mv\^`uvfp_!i^jhkwmv` x ¥kwjhi^`LuaAy «`MfpC\Cmnfpqmn\^`_  fpmv\
'`fhs\Am(u«r~voCrUoC~zmnfpoCqkwjmvoamn\^` mv~ni^`5roCuzmv`~nfhos~LµA \fh{(\flu {os_ar^i^mv` x kwm`Lks{(\uzfh_ijhkwmvfhosq4
    %' )1       ) )
¯ \`q2jlkw`jZuv f©m({(\^fpqowFmv\^` {os_arosq^`MqAmnu«fhukr~v`M~v`L§Cifhuvf©mn`owFksqgy ¤ kw~n£so¥!{(\Ukwfhq ¤ osqAmn`¦'kw~njho
{osqg¥s`M~vC`q{`sµtmn\^`~n`flu kwitmnos_kmnfh{Mkwjhjpyk
{oC_ar^jpfl{kwmvfhosq{~v`Lkmn` x os~ fhqt`~n`q{`5~nos_ mv\^`1~n`Muvi^j©mnfpq
unkw_ar^jh`MuM[\^`a_af©|tfhq^ow«jlkw`jlu _a`MkwqUu¹mn\kmfpmflu q^owm5roCunuzfh^jh`mno2oC~v_ `M~vCo x fh{1kR¥s`M~nkss`Lu o¥s`M~
áá â`_'a$êcb(d
 $
Tfhsi^~n`   "2`r^~n`Muv`qAmnkwmvfhosqªosmv\` ¤ kw~n£so¥ {(\kwfhq ¤ oCqCmn`¦'ks~vjho3unkw_ar^jh`kCuvuvot{flkmn` x  fpmv\"mv\^`
x fhuzmv~nfpitmvfhosq  µ¹oC~mn\^` uvks_1`±q^oC~v_kwjunkw_ar^jh`±kCufhq Tfhsi^~n`       ,:,  ksq x k mv`M_arU`M~v` x³kwq^C`¥gfhq ¤ `mv~nosrosjhfhu	g´ksuzmvfhq^CukwjhsoC~vfpmv\_  3    jh`¥C`jluµt_afhq^fp_!i^_+ro'`~ , % ,6,    
Weight
Variance
Mean
jlkw`jlu uzfhq{`CµZf©mn\^`auvks_1rjp`M~flu¹`\UkR¥Afhq^r^~voCrU`M~vjhysµZkwjhj~v`Luzi^jpmvfhq^rkw~(kw_a`mn`~(u`Lumnfp_kmn`Mu fpjhjU`
{jpoAuz`  kwq x f x `Mksjpjhysµmv\`yuz\osi^j x `!`L§Aikwj   ¬qmv\fhuuv`M{$mnfpoCq4µZ«`1{oCquzf x `M~uvos_a`osmv\^`!`|tflumnfpq^
ksj©mn`~nqkmnfp¥C`Mu  \fh{(\;kwmzmv`M_artm¹mno x `MksjF fpmv\mn\^flur^~nos^jh`_ `os~n` x `M¥s`MjpoCr^fpqfpq3dt`M{$mnfpoCq 7 kq^`M
ksr^r^~noCkC{(\
ksuv` x osqjhoCunu«i^q{$mnfpoCquM
öþá4ö ù
 
[kwjp`  " Iuzmvfh_kmn`Muow'mv\`rkw~(kw_a`mn`~(u¹os'kmv\~v`M`
{os_arosq^`MqAmqos~n_aksj_1fp|gmvi^~n`sµFostm(kwfhq^` x os~
mn\^`unkw_a`5uzfh_i^jlkmn` x unkw_ar^jh`kCufpq]Tfhsi^~n`1iuzfhq^
k ; fh^uunkw_ar^jh`~ksq x ~v`>oC~ x `M~vfhq^1ks{{os~ x fhq^
mnoaosq^`owmv\~v`M`{osquzmv~(kwfhqAmnuMµ
   .  & .  
µ $
 
$ . $ & . $  µtoC~ %  
% . % & . %  
os~ x `~
   &  
$  $ & $  %  % & % 
 ,
%   / , %  /6/ , %    , %  Y/  , %      %   , % [/ , %   / , %  , $ , %  , %  
	 , %     "/:%D/ , %    %   , %     , %     , %   % , %    , %   / , %   /6%    , % ,   , %  , % 	
	 , %   , %   
mv~ni^` , %   , %   , %    /6%K/  %   , %    , %  , %  , %  
 
 "  -"       "    
·'yfp_aroCuvfpq^
uvos_a`oC~v_ owos~ x `~{osqUumn~nksfpqAm osqmv\`rkw~(kw_a`mv`~(uMµgos~¹`|^kw_ar^jh`5fpqmn`~n_auowmv\^`
_a`Lkwqu owImv\^`{oC_arUoCq^`qAmnuMµ7fpmflu rUoAuvuvfh^jp`!mvo{~n`Mkwmv`ak¡;s~nosi^r3umn~vi{mvi^~n`1o¥s`~  \^fl{(\3kR¥C`~(kws`Lu
{Mkwqa` os~n_a` x  ¸ u°qowmv` x fpq
dAmn`r^\`qu '4:4 tµw}~nosroCuvf©mnfpoCq1 3 µwmn\^`oC~ x `M~vfhq^{oCqumn~nksfpqAmI{MkwqaU`
fh_arUoAuz` x =F H JZc?=µAmv\Ukmfhu'kãmn`~«mv\^` uzfh_i^jlkmnfpoCqu«\kR¥s```Mq2{oC_ar^jp`mv` x °[\^fhu'fluIfhqAmv`M~v`Lumnfpq^!uzfhq{`
fpmaow¶Z`~(uk x fp~n`M{m1ksq x `MkCuzy{os_arkw~nfluzoCqow mv\`^flksuvfhq^`¶`L{$mnu!ow x f©¶Z`~n`qAmarUoAuvuvfh^jp`os~ x `~nfhq^
{osquzmv~(kwfhqAmnu kCuz` x oCqmn\^`
uvks_a` ¤ kw~n£so¥{(\kwfhq ¤ osqAmv`2¦'ks~vjhounkw_ar^jh`s ¸ r^r^jhyAfhq^mn\^` x fp¶`M~v`MqCm
oC~ x `~I{osquzmv~(kwfhqAmnu°mnomn\^` unkw_ar^jh`MuIostm(kwfhq^` x ¥Aflkmn\^` x f©¶Z`~n`qAm'unkw_ar^jh`~(uosdg`M{mvfhosq^µsmn\^` ~v`Luzi^jpmnu
ks~v` x flumni^~n^fpq°[\^``Muzmvfh_kmv`Lu'os~mn\^`q^os~n_kwjZ_ao x `j4kw~n`uz\^o qfhq[kw^jh`  µgmn\^`y2{MkwqU`5uv``Mq
mnoU`_kw~n£s` x jhy x f©¶Z`~n`qAmos~mn\^`amv\~v`M`1oC~ x `~(udgfhq{`fpmfhu'`jhj°£gq^o q3mv\kwm x f©¶Z`~n`qAmuv`mnuos
rUkw~(kw_a`mn`~(u¹{ksq;jh`Mk x mvo2mv\^`unkw_a``Lumnfp_kmnfpoCq;owImv\^`1_af©|gmvi~v` x `qUuzfpmysµ4kCu¹oCuz`M~v¥C` x fhq3 oCU`M~zm
ksq x¤ `q^C`~(uz`Mq  464658 oC~fhquzmnksq{`CµFk2_aoC~v`!~v`Lkwjhfhuzmvfl{!{os_arks~vfluzoCq;fluUksuv` x oCq;mn\^`a`Muzmvfh_akwmv` x
x `quvf©mnfp`Lu­7uv``+Tfhsi^~n`  bi^fpmv`1{jh`Mks~vjhy2mn\^`!{(\osfl{`os°mv\^`!f x `MqAmvfpyAfhq^{osqUumn~nksfpqAm\kCuk
uzmv~nosq
fhqtºi`q{`2osq mv\^`~v`Luzij©mnfpq^3`Muzmvfh_kmv`kwq x µ =(L':JwµI{~n`Mkwmv`Mu!k;^flksuM5¬qmv\^flua{kCuz`Cµmv\^`U`Lum1^mafhu
r~vo¥gf x ` x gymv\^`{osqUumn~nksfpqAm5osq3mv\^` $ (  uMµ \^fh{(\±flu5qkmni^~(kwjCfp¥C`q3mv\kwm5mv\^`amn~vi^` $ (  ukw~n`a§Ai^fpmv`
x f©¶Z`~n`qAm  uz`M`![kw^jh` 3  ´o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Tempered Langevin
-2 -1 0 1 2 3
0.
0
0.
1
0.
2
0.
3
0.
4
0.
5
0.
6
 
-2 -1 0 1 2 3
0.
0
0.
1
0.
2
0.
3
0.
4
0.
5
0.
6
 
uvi^fpmnks^jp`r`~n_itm(kmnfpoCqu uzo1mn\km¹ksjpj7rosfhqAmnufhqmn\^`unkw_ar^jh`{os_a` ~voC_,mn\^`uvks_a`_ao x kwjF~v`Msfhosq2os
mn\^`roCuzmv`M~vfhos~ x fhuzmv~nfh^itmvfhosqFµmn\^`_a`Mksquos`Mks{(\;{os_arosq^`MqCm {osij x `iuv` x kCu`Lumnfp_kmnos~(u   q^`
kRy5mno{os_a` {jhoCuv`mvomn\^flu°soAkwjtflumvo5iuv`{jhiuzmv`M~vfhq^wTjhfp£C`«mnogosjlu  uv`` mn\^` x fluv{iuvuvfhosq1ow4 fl{(\kw~ x uvosq
ksq x ; ~n``Mq '4:4    T^osjhjho fpq^adAmv`Mr^\^`Mqu '4:4   µgk!uvfp_ar^jh` osqtTjpfhq^`r^~vot{` x i^~n`¹\Uksu'U`M`qr^~voCrUoAuz` x
fhq
¦«`jh`it| 1'4:465: "4osq`'osmn\^`_1o x ksjt~v`Msfhosquflu°uz`Mjp`L{$mn` x iuzfhq^ mv\`«U~nuzm°f©mn`~(kmvfhosqUuowmn\^` ¤ kw~n£so¥
{(\Ukwfhq ¤ oCqAmv`¹¦'kw~njpounkw_ar^jh`~LµRmv\^`oCjpjho fpqrosfhqAmnu°fhqmn\^`unkw_ar^jh`~U`Mfpq5rU`M~v_!itmv` x kC{{os~ x fpqmvo
k5¡Z¢ T_1`Lkwquz>myAr` kwjhsoC~vfpmv\^_µwuv`jh`M{mvfhq^5km`MkC{(\!fpmv`M~nkwmvfhosq1 \^fl{(\1osmn\^`¹¡Z¢wr`~n_itm(kmnfpoCqufhuI{jhoCuv`Muzm
mnomv\^`
{i^~v~n`qAm5{jhiuzmv`~5_a`LkwquM-&owmn`amv\kwm5mv\^flu5kwrr^~voAks{(\±kR¥sosf x umv\`auzmvoC~nkss`1ow«mv\^`
{os_ar^jh`mv`
¤ kw~n£so¥{(\kwfhq ¤ osqAmv`¦'ks~vjho1unkw_ar^jh`s
¤ oC~v` r^~n`M{fhuv`jhysµAmv\`{jpiUumn`~nfpq^1r^~not{` x i^~v`«oC~v£tu'ksu«osjhjhou "³4`m !   ! & &%&%'% U` mn\^`5uz`L§Ci`q{`
os   x fp_a`MquzfhosqUkwj ¤ ks~v£Co¥{(\ksfpq ¤ oCqCmn`¦'kw~njpo5¥C`M{mvos~unkw_ar^jh`Mu  os~I`|^kw_ar^jh`sµCos~Ik55{os_arosq^`MqCm
`|trUoCq^`qAmvflkwj _af©|gmni^~v`Cµ     6 ,[\^`±r^~vot{` x i^~n`flufpqf©mnfhkwmv` x iuvfpq^"mv\`~(uzm ¥s`L{$mnos~(u!  &%'%&%& ! µI \^`~n`/flumygr^fl{ksjpjhy )$ $ os~auvo  mn\^`{(\^osfl{`fhu1q^osm1\fpC\^jpyªuv`qUuzfpmvfh¥s`Cµ°f©m_iUumaU`
jlkw~ns`1`qosi^C\mno`quvi^~n`!mn\kmmv\^`fhq^fpmvflkwj`Lumnfp_kmn`Mu5ks~v`k~n`MksuvosqUkw^jh`1{~vi x `kwr^r^~noR|tfp_kwmvfhosqos
mn\^` rUoAumn`~nfpoC~I_a`Mksquµg^i^m'q^osm'uvojlkw~ns`¹mv\kwm'k!jhksU`Mjuv f©m({(\2\kCu«ksjp~n`Mk x y1og{M{i^~n~n` x µA \^fl{(\
«oCi^j x
öþá4ö ù
s
'os~(uv`q
mn\^`kwrr^~voR|tfh_kmvfhosq   ``M~v`Mq{`5{`MqAmv~n`Mu'os~    /6&%'%&%'  	 kw~n` x `q^` x
 ! (  /   
 
! ( 
mnosC`mv\`~ f©mn\{os_arosq^`MqAm fhuv`¥Rks~vflkwqU{`Mu
 (  /


 ! (   ! ( 	 & %
¯±`auz`m   0(   (µ A /6'%&%'%(  7TI«` x `qowmv`  !  0   !tµZmv\`  ¡Z¢  /	 osmv\^`M~ {`qAmv~n`Mu  !  0& &%'%&%&  !  0 {Mkwq` x ` x i{` x ~voC_  !  0 gy2r`~n_itmnfpqmv\^`jhksU`Mjpfhq^
osmn\^`_afp|Amni^~n`{os_arosq^`MqAmnuM ¸ ãmv`~mv\fhufhq^fpmvflkwjhfhunkmnfpoCquzmnkss`CµCmn\^`Lmv\fpmv`M~nkwmvfhosqowmv\^`{jpiuzmv`M~vfhq^1r^~nog{` x i~v`~ni^qu ksu'oCjpjhou"
 2 ? E)E  @ 	 ! 
	  	C @ E-"! 	 ^ A C # @ C  #  #  #	!  ! 	C 	-" E#  !	 	 #)!- @   ^  /:&%'%&%( ¡Z¢ 	
K !  	   !  	 7  K &   (   ! 

	(   !  	 7 (  	 &
  	
7 (    A C	  !  	 7 (  #)! )C <	C @ 	 # 	    !  	 7  2  ^ / *	-  )C @ )	 # 	 !   ! 	  $ ^  / 2
 2"! *	5)C ¡Z¢ @ ) ! # )C  	1" E# # $ @   # @ #  ! 2 (+*  
 !  	    .  V/ . 
 !  	 7  . / .  !  
	 % 2$ 	 #&% 5)C ¡Z¢ V/ 	)C	 @  !  *	-  	 #  2@ 2'! *#	5)C % 	 #  @  !  !    /6&%'%&%'  	
  	 (   .  V/ .  
 	 7 ( .  .   / .    !  	 7 (    !  	 (  	 &
. / .   ! 

	(   !  	 (  	 & %
[\^`±_ao x `os~v``~n`q{`;mv\giu{oC~v~n`Muvrosq x umvoU^  / kwm`Lks{(\ fpmv`~(kmnfpoCq4 &owmn`;mn\kmmv\^`
qos~n_aksjpf Mkwmvfhosqos4mv\^` x fluzmnkwqU{`Mu    _aks£s`Lu°mv\` r~vot{` x i^~n`¹fhq x `MrU`Mq x `qAm owjpot{kwmvfhosqt¬un{kwjh` mn~nksqu
oC~v_kwmvfhosquow«mv\^`_afp|Amni^~n`!rks~nks_a`mv`M~nuMµ7`¥C`qmv\^oCi^s\3mv\^`a~n`Muvi^jpmvfhq^`Lumnfp_kwmv`Mu x `MrU`Mq x osq3mv\^`
rUkw~(kw_a`mn`~nfhunkmnfpoCqow
!t[kwjp`Luksq x  x fhuvr^jlkRy5mv\` ~v`Luzi^jpmvfhq^`Muzmvfh_kmn`Muos~mn\^` `|trosq^`MqAmvflkwj^kwq x
qos~n_aksj_1fp|gmvi^~n`Mu`|^kw_ar^jh`Mu ~v`Luzr`M{mvfh¥s`MjpyCµ4ksuv` x osq3mv\^` ¤ kw~n£so¥¦«\kwfhq ¤ osqAmv`2¦'ks~vjhounkw_ar^jh`Mu
oCtmnksfpq` x fhqdt`M{$mnfpoCqu ksq x ^ ¬q
mn\^`Muv`¹m(kw^jh`MuMµgmv\`qgi^_!U`M~ ow4mnfp_a`Mu«mn\^`5{jhiumn`~jlkw`jlu'{(\Ukwq^C`
áá â`_'a$êcb(d
wb
[kwjp`a " °|trosq^`MqCmnfhksj_afp|gmvi^~n``Lumnfp_kmn`Mu  ks~v~(kwq^C` x gyuv{Mkwjh`  x `~nfp¥C` x gymv\^`a{jhiuzmv`M~vfhq^
r^~now
{` x i~v`
[~ni^` ; fh^u kwq x os_ ³Fksq^s`M¥Afhq [F`M_arU`M~v` x
¥ksjpi^`Lu unkw_ar^jhfpq 'ksjp£ ³Fksq^s`M¥Afhq
dgkwrUu 4    s   A   b  
 
 
$   7 $   wb $   C $   A $   C
    $ Ñ 7 $     $    b $  C $ $    
 
 &
$ Ñs $ Ñw 4 $  ss $ Ñw 4 $ Ñb $
   &     Ñ 464   A 5  Ñ 5:5   Cs
 
 
$  s $  74  $   $  $  74:4 $  74 b
    7  b 7  464  7  4 b 5 7  4 w ^ $  $
[kwjp`  "&os~n_kwjg_af©|gmni^~v` `Lumnfp_kwmv`Mu  kw~n~nksq^s` x gy_a`MkwqUu  x `M~vfh¥s` x gy5mv\`{jhiumn`~nfpqr^~not{` x i^~n`
[~ni^` ; fh^u kwq x os_ ³Fksq^s`M¥Afhq [F`M_arU`M~v` x
¥ksjpi^`Lu unkw_ar^jhfpq 'ksjp£ ³Fksq^s`M¥Afhq
dgkwrUu   $    w    $:  Rb 
 
 
$   7 $ Ñ 464 $   $  $   $ $ $   $ $
 $   $  487    $      $87     $65 $    $:7 
 % & $  7 $  A  $   7 b $  wb  $   764
 
 &
$ Ñs $ Ñbg $  s 4 $ ÑCC $ ÑC 5
 $ &    $ Ùs 5 $  4 $  $  4 wb $  565 
 % && $   $  7  $ $  7%$  $  7 s $  7 w
 
 
$  bC $  b 7 b $  bg 5 $  bAs $  bAC
 $  t b t  '4 ^ C 5 t  5  t Aw
 % & $ Ñ $ Ñ 5 b $  s $ $ Ñs $ $ Ñs 4
`m'``Mq
m'o!{osquv`M{itmvfh¥s`~vi^qUu«os4mv\` ¤ ¦ ¤ ¦ uvks_ar^jp`M~«flu x fluzr^jlkRys` x km'mv\`mnosrowF`Lks{(\2{osjhi^_aq
`m'``Mqrkw~n`qAmn\^`Muv`MuM[\fhu«qgi^_`~«sfh¥s`MuIkwq
fhq x fl{kwmvfhosqow7mn\^`unkw_ar^jh`~  uIkwfpjhf©my!mvo!_ao¥s`~nos_
oCq^`'_1o x `'mnoksq^owmn\^`~Lµwkwjpmv\osi^C\fpm_kRyuvit¶Z`~~nos_ kw~vmvfp®ks{mnuMµwksu°uv\^o qfhq!mv\^` {kCuz`'owUmv\^` ; fh^u
unkw_ar^jh`~Lµ4 \^`Mq±mv\^`
_a`mv\^o x ~v`Lkwjhjpot{Mkmv`Lumv\^`2uvfh_i^jlkmn` x ¥s`M{mvoC~nuMµ4`¥C`q±mv\osi^C\ Tfhsi^~n`
uz\^ou
mn\kmjhksU`MjFuz fpmn{(\fpq^q`¥s`M~ot{{i^~nu'oC~ mv\`{oC~v~n`MuvrUoCq x fhq^uvks_ar^jp`C«[\^`¥Rks~vflkmnfpoCq`m'``Mqmv\^`
`Lumnfp_kwmv`Muflu f x `~5oCq3rks~nks_a`mv`M~    fhq±[kwjp`
tµF^itm5mv\fhu5flu mvo``|tr`M{$mn` x µsfh¥s`Mq;mv\`rUogos~f x `MqCmnf©kw^fhjpfpmy±ow `|trosq^`MqCmnfhksjI_afp|Amni^~n`Mu5fhqmv\`mnksfpjlu ¸ uuv\^o q gy Tfhsi^~n`  7 µFmn\^flu x og`Muq^owm
`Mosrks~ x fM`¹mn\^`5`Muzmvfh_kmv` xx `quvfpmys
öþá4ö ù
 7
 
     -!  
  qU{`3mv\^` uzir^rUoC~zmow!mv\^`±roCuzmv`~nfhos~ x `quvfpmy \ksu``q k x `M§Aikmn`jhy `|tr^jhos~n` x µ¹mv\^`ª¡Z¢_ao x `Mu
ks~v``L§Cifp¥kwjh`qAm~nos_/kwq fhqt`~n`qAmvflkwj¹rUoCfpqAm2os ¥gfh`5   q`{oCi^j x mn\AiUuamnks£s`;k x ¥RksqAmnkwC`owmv\^`
`|tr^jpoC~nkwmvfhosq um(kwC`mvofh_1rjp`M_1`MqAmkwq²ksq^q^`Mksjpfhq^ fhqt`~n`qAmvflkwj um(kwC`sµum(kw~vmvfhq^ ~voC_ mn\^`;\^fhs\^`Lum
roCuzmv`M~vfhos~ x `Mquzfpmy;¥kwjhi^`afhq3mn\^` ¤ kw~n£so¥{(\ksfpq ¤ oCqCmn`2¦'kw~njpouvks_1rjp`kwq x ~ni^q^q^fhq^uvfp_!i^jhkwmvfhosqu
~nos_   f©mn\1fhq{~v`Lksuvfpq^ ro«`M~nu  fpqaos~ x `M~mnojpot{kwmv`osq` owmn\^` `M§Ai^fh¥kwjh`qAmI¡Z¢ ¤ ¸ } `Muzmvfh_akwmv`Lu
[\`fp_ar^jh`_a`MqCm(kmnfpoCq;{oCuzmfluq^`MsjhfpCfp^jh`sµUsfh¥s`Mqmn\km¹mv\^`uvfh_i^jlkmnfpoCq~voC_  ª\Uksuksjp~n`Mk x y2``Mq
r~voCs~(kw_a_a` x os~ mn\^`1mv`_ar`~nfpquzmv`Mr41dgmv~nfh{mvjhy;uzr`Mks£Afhq^«`1iuv`1k_ao x fpU{kwmvfhosqos«uvfp_!i^jhkwmv` x
ksq^q^`Lkwjhfpq^uzfhq{`1'` x oqowm5fpqU{~n`Mksuv`mn\^`arUo'`~  kwm `Lks{(\3f©mn`~(kmvfhosqF­7mv\^`³kwq^C`¥gfpq3kwjhsos~nfpmv\^_
~n`M§Ai^fh~n`Mu k{Mkwjhfp^~(kmnfpoCquzmnkwC`mno x `mv`M~v_afhq^`aks{{`rtm(kw^jh`1¥Rksjpi`Mu owmn\^`uv{Mkwjh`

os~5k2^|t` x ¥ksjpi^`
os µ^ksq x uzo1mv\` ro'`~ Jflufhq{~n`MkCuz` x C~nk x ikwjhjhysµA f©mn\~nosiq x uow{ksjpfh^~(kmvfhosqkwq x `|grjpoC~nkwmvfhosq
oC~a`Mks{(\"uz`Mjp`L{$mv` x ro'`~Lª[\^`ksr^r^~noCkC{(\ªfhua{oCuzmvjhyfpq mv`~n_u1ow k x^x fpmvfhosqksj uzfh_i^jlkmnfpoCqu1uzfhq{`
mn\^` ¤ kw~n£so¥ {(\ksfpq ¤ osqAmv`±¦'ks~vjho unkw_ar^jh`;flu
osqjpy iuv` x oC~
mv\`3uzmnkw~vmvfhq^ª¥ksjpi^`C[\^`3~v`Luzi^jpmnu
oCqosi^~!m'o;`|^kw_ar^jh`Mu!kw~n`
fhqCmn`~n`Muzmvfhq^;fhqmv\Ukm1mv\^``Muzmvfh_akwmv`Lu'`
os^mnkwfhq ks~v`2ksjp_aoAumf x `MqCmnfh{Mkwj
mnomn\^oCuv`
oCjpjho fhq^3k3uz`M~vfh`Mu!ow ; fh^u1oC~!osmv`M_1r`~n` x ³Fksq^s`M¥Afhq uzmv`Mruª[\fhu!`Mkwmvi^~n`fhu!osq^jhy
_afhj x jpyuvi^~vr~vfluzfhq^uvfpqU{`¹owmn\2kwjhsoC~vfpmv\_auIkw~n`kwjh~v`Lk x y1£gq^o qamvo\UkR¥s`CoAo x `Lkmvi~v`Lufhqmv`M~v_uos
`|tr^jpoC~nkwmvfhosqosIjpot{Mkwj_1o x `Lu5¯±`akwjluzoosuv`~n¥s` x ¥kw~nfhkwmvfhosqu x `r`q x fpq^osqmv\^`1fhq{~n`MkCuz`!~nkwmv`os
mn\^`5ro«`M~Mµg fpmv\U`mzmn`~r`~vos~n_kwq{`Mu' \^`q  'kCu'fpq{~v`Lksuv` x uzjho jhys
  (		  4	 )+ )4	/	5)
¸ q^owmn\^`~¹rUoAuvuvfpfpjhf©myos~¹`Muzmvfh_akwmvfhq^amv\`rkw~(kw_a`mv`~(u !afhumvo2{osquvf x `~ x `Luzfhsqfpq^
k
jpoAuvu'i^qU{$mvfhosq
  !   ! 	 oC~ \^fh{(\2mv\^`jlks{(£osjlkw`jhfpq^1flufp_a_kmn`~nfhksj=µtkwq x mv\`qmvo1q x mv\^`5·kRys`LuI`Lumnfp_kwmvos~  !
{os~n~v`Luzrosq x fpqmvoamn\^flu jpoAuvu«i^qU{$mvfhosq "
 !  	
  FLG I      !   ! 	)%   
 `r`q x fpq¹osqmn\^`jhoCunu7i^qU{$mvfhosqFµMmn\^`«{os_ar^jh`|tfpmy¹owtmn\^`r^~nosjp`M_W_kRy _1`Lkwqmn\km4mn\^`«{Mkwjl{i^jlkmnfpoCq
os7_aksqgy!`Lumnfp_kmnos~(u°fluIq^osm«kwqUkwjhyCmnfh{Mkwjhjpy`MkCuzfh^jh`sI¦«osquv`M§Ai^`MqAmvjhysµwmn\^`{(\osfl{` ow4jhoCunu°iq{$mnfpoCq
\ksu
iUuziksjpjhyU`M`q;~n`Muzmv~nfh{mv` x mvo
mn\^oCuv`5oC~ \^fl{(\mv\`oC~v_ ow°mn\^``Lumnfp_kmnos~fhu¹£Aqo q4µoC~¹`|tks_ar^jp`
mn\^`uv§Aiks~v` x jpoAuvuIi^q{mvfhosq  !   ! 	` K !   ! D &  \fh{(\jp`Lk x uImvo!mv\^` roCuzmv`~nfhos~'_aks~vCfpqUkwj_a`Lkwquksu
`Lumnfp_kwmv`Mu^itm~n`jhfh`Mu oCqmn\^`rUkw~(kw_a`mn`~ jlkw`jhfpq^U#Tm\ksu¹~v`L{`qAmnjpyU`M`q x `M_1oCquzmv~(kmv` x \^o«`M¥s`M~
mn\kmkwrrkw~n`qAmvjhy fpqAmv~(ks{mnks^jp`3`Muzmvfh_kmvoC~nufhqW·kRys`Luzflkwq fh_kws`±kwqksjpytuvfhu{ksq²U`ksr^r^~noR|gfh_kmn` x
iUuzfhq^ ¤ ks~v£Co¥{(\kwfhq ¤ osqAmv`¦'ks~vjho  T~vfhs`Luvuvfkwq x i^`sµ '464 g­si^`sµ '4:4:76 F¯±`{oCquzf x `M~Ik5uzfh_afpjlkw~
ksr^r^~noCkC{(\2\^`M~v`CµUuvi^sC`Muzmvfhq^1m«ojhoCunui^q{mvfhosquMµ^mn\^`5~(uzm \^`qfhqt`~n`qU{`os~mv\^`rUkw~(kw_a`mn`~(ufhu
mn\^`5fluvuvi^`sµ^ksq x mv\^`uv`M{osq x  \^`qmn\^`5r^~n` x fl{$mnfp¥C` _afp|gmvi^~n` x fhuzmv~nfh^itmvfhosqfluow_aos~n` fhqAmv`M~v`LumL

   !    	       "     "   -" 
¯±`~n`mvi~vq±mvo Tfhsi^~n`Muksq x mvo_aowmnfp¥kmn`osi^~!kwr^r^~noCkC{(\4­F\`~n`!mn\^`
_afp|Amni^~n`_1o x `Mjhukw~n`1~n`
r~v`Luz`MqCmn` x gyrosfhqCm(u5fhq mv\^` 

 
	 oC~ 

 $  %Q	 uzrUks{`Lu
`_ao¥gfpq^ksqAy3jhksU`Mjpfhq^ow'mv\`
rUoCfpqAm(uµ
kCu'osi^j x `qkwmvi^~(kwjF~voC_ k
rosfhqCm r^~nog{`Munur`~(uzr`M{mvfh¥s`Cµuvi^sC`Muzmnumv\kwm¹mv\`1{os_arUoCq^`qAm(u¹{oCi^j x
áá â`_'a$êcb(d
s
`¥gfh`'` x ksu rosfhqAmnu fhq;kai^q^jlkw`jh` x rosfhqAm¹r^~not{`Munu  fhqmv\`Muv`{kCuz`Lu'^|t` xx fh_a`quvfpoCqrUoCfpqAm¹r^~now
{`Munuz`Lu  dto
fpqoC~v_!i^jlkmvfhq^
ksq;kwr^r^~nosr~vflkmn`5jpoAuvuiq{$mnfpoCq \km¹'`ks~v`5jhogos£gfpqaos~¹flu¹kakRy2os
_a`Lksuvi^~vfhq^ x fluzmnkwqU{``m'``Mqm«o
rosfhqAm{oCqtCi^~nkwmvfhosqu  ow°roCunuzfh^jhy x f©¶Z`~n`qAm x fp_a`qUuzfhosqu¹fpq;k
_aoC~v`s`Mq^`~(kwj7uv`mvmvfhq^  
¯±`uvi^sC`Muzm°mv\^`osjhjpo fhq^µCjpogoAuz`Mjpy!ksuv` x oCqamv\^`¹·k x^x `jh`y _1`mv~nfh{  ·k x^x `jh`ysµ '4:4   iUuz` x
kCuak3jhoCunu1i^q{mvfhosq gy<T^~nfpC`Munuzf ksq x  i^`  464   fhq k x fhun{~n`mn`rf©|t`juv`mvmvfhq^ [\^`  _1`mv~nfh{
_a`Lksuvi^~v`Lumn\^` x fhuzmnksq{`1`m'``qm«o^fhqkw~nyfp_kss`Mu kwq x fluUksuv` x oCq;mv\` x f©¶Z`~n`q{`oC~`M¥s`M~vy
rf©|t`j`m'``q;mv\^`auz\os~vmv`Muzm x fluzmnkwqU{`~nos_ mn\km r^f©|t`MjFmno
mv\`1{jpoAuz`LumoC~v`Ms~nosi^q x r^f©|t`Mjfhqowmn\
os«mn\^`m'ofp_kss`MuM2¯±os~n£gfpq;ksu5'`
kw~n`afpqªk{osqAmvfhqgi^osiuuzrkC{`CµF'`
 fpjhjq^`M` x mno;_ao x f©y3mv\^`
x `q^fpmvfhosq  \^fpjh`
mn~vygfhq^mno;_kwfhqCm(kwfhqmv\`unkw_a`2uvr^fp~nfpmM;¯±`2`Cfpqª fpmv\"k;{oCjpjh`M{mvfhosqowrosfhqAmnu

  &%'%&%& 
  fpqmv\^`aunkw_a`!uvrks{`ksu¹mv\`1{os_arUoCq^`qAm(u¹os !   !  	 µmv\kwm flu fpqmn\^`1`|trUoCq^`qAmnfhksj{Mksuv`mn\^`
(  u«ks~v`fhq 

 
	 uzrkC{`¹ksq x fhqmv\`¹q^oC~v_kwj{kCuz` mn\^`yks~v`fhq 

 $  % & 	 uvrks{`s T^oC~«`Lks{(\rosfhqCm

(I«` x `q`   
(  ! 	 mno
U`mv\^` x flum(kwq{`U`m«`M`q 
(«kwq x mn\^`!{jpoAuz`Lumos°mv\^` !   u  ^  /:&%'%&%( ¡ 	 µ \`~n`mv\^` x fhuzmnksq{`  flu iU{jhf x `Lkwqªitm1ksr^r^jhfp`Lu5mvo;mv\^`2mv~(kwquzos~n_a` x ¥kw~nfhks^jp`Lu   I    G/   	G	 µ  I   µ $ µ   I % &  ~(kmn\^`~mn\kwqmvo  µ   µ $ µ %[ ¯±`mv\`q x `Uq^`mv\^`5jhoCunu'i^q{mvfhosq
  !   ! 	  
( 
   
(  ! 	    
(   ! 	1	 &  5:
 \fh{(\uvkRytuImv\kwm os~`MkC{(\2osFmv\`^|t` x rUoCfpqAmnu 
 ( µtmv\`~n`flu ka{osqAmn~vfh^itmnfpoCq
mvo1mn\^`5jpoAuvu«i^qU{$mvfhosqfp
mn\^` x flum(kwq{`~nos_ 
 ( mvo1mv\^`5q`Mkw~n`Muzm !  fluq^osm mv\^`5unkw_a`5ksu'mv\` x fhuzmnksq{` ~nos_ 
 ( mno!mn\^`5q^`Lkw~n`Muzm
 !  5¦«jh`Mks~vjhy2mn\^`!{(\osfl{`os°mv\^` 
(  ur^jhkRytukwq;fh_arUoC~zm(kwqAm~nosjh`\^`M~v`C­f x `Lkwjhjpy'`'ksqAm   !   ! 	  ,
oCq^jhy1fp!   !tµ^ksq x oC~Imn\^`jhoCunuIi^q{$mnfpoCq
mno!~n`MuvrUoCq x ksr^r^~nosr^~nfhkwmv`Mjpy!mvoa{(\kwqs`MuIfpq2mv\^`m'orosfhqCm
{osqtUsi^~(kmnfpoCqu Tos~mn\^`1~nuzmrUoCfpqAmMµFmv\^` 
(  u5uv\^osij x U`uvit¨
{fh`qAmvjhy;qgi^_a`~nosiUu ksq x jhot{kwmv` x fhq
uvi{(\1kkRy mv\kwmf©m°flurUoAuvuvfh^jp`«mvo x `mv`M~v_afhq^` krUkw~vmvfl{i^jlkw~!¹Cfp¥C`qmn\^` 
(  u°kwq x mn\^` {os~n~n`MuvrUoCq x fhq^
  
(  ! 	 ­fhqmv\^``|trUoCq^`qAmvflkwj4{Mksuv`sµtmn\^flu _a`MkwqUumv\kwm`MkC{(\{os_arUoCq^`qAmoskarks~zmnfh{i^jlkw~ !1q^`` x umvo
`mn\^`!{jpoAuz`Lum osq^`os~kwmjh`MkCummv\^~n`` 
(  uµZ \^fhjp`os~¹mv\^`!q^os~n_kwjF_afp|gmvi^~n`_ao x `j>µZ \^fl{(\;fhu¹osq^`
x fp_a`qUuzfhosq1\^fhs\^`M~Mµwkwmjp`LksuzmoCi^~
(  u°kw~n`'~v`L§Cifp~n` x os~°`MkC{(\1{os_arosq^`MqCmowmv\Ukm`!tTos~mn\^`uz`L{oCq x
rosfhqAmMµAmv\`
(  u'kw~n`¹`Muzm«roCuvf©mnfpoCq^` x fpq\^fpC\
roCuzmv`~nfhos~ x `quvf©mya~n`CfpoCquos7mv\^` !   u«uvrks{`s°[omv\fhu`Mq x µU«`\UkR¥s`{(\^oAuz`Mqmno x fh¥gf x `osi^~¹uvfh_i^jlkmnfpoCq`¶oC~zm uzoamn\kmmn\^`U~nuzm\kwjpowmv\`!uvfp_!i^jhkwmvfhosqu
ks~v`ksjpjhot{kmn` x mvoªuv`jh`M{mvfhq^k±uvi^fpmnks^jp`;uv`m
os 
 ( jpot{kwmvfhosqu1gy ~(kwq x os_ajhy uz`Mjp`L{$mnfpq^ oCq^`ow mv\^`
{os_arosq^`MqCm(ufpqa`Lks{(\a~v`LkwjhfhunkmnfpoCq!kCu
 ( [\^`uv`M{oCq x \kwjpZowmv\^`uvfp_!i^jlkmvfhosqUu°kw~n`'iUuz` x mno5`Muzmvfh_kmv`
mn\^`¹{os~n~v`Luzrosq x fpq^       
 (  ! 	 iuvfpq5mv\^`m«osTuzmv`Mrr^~vot{` x i^~n` r^~nosroCuv` x gy! i`  464876 Tfp~(umqowmv` mn\km'`5{kwq ~nf©mn`
   
	  (     
 (  ! 	    
 (   ! 	1	 & 

(         
 (  ! 	 &     
 (   ! 	        
 (  ! 	 .   
 (   ! 	 &+ 4:
uvfhq{`2mv\^``|tr`M{$m(kmnfpoCq flu fpmv\ ~v`Luzr`M{mmnomn\^`roCuzmv`M~vfhos~ ` !  
	 kwq x  !;fluqowmafpqg¥soCjp¥C` x 5Tmafhu
roCunuvfp^jh`5mno2`Muzmvfh_kmn` (         
 (  ! 	 gyuzfh_i^jlkmnfpq~voC_ mv\^`!rUoAumn`~nfpoC~  mn\km fhuMµZiuvfpq^2mv\^`
öþá4ö ù
A
¤ ¦ ¤ ¦ unkw_ar^jh`  ksq x iuvfhq^¹mn\^`'iuziUkwjA`~nso x fl{kR¥s`M~nkssfhq^  mn\^`~n`Ifluq^o¹fluvuvi^`«owjlkw`jhfpq¹\^`M~v`'uzfhq{`
'`!ks~v`1kwjh'kRytum(kwjh£gfpq^kwosi^m¹mv\`1{jpoAuz`Lum rUoCfpqAm os~k^|t` x 
(  5[\^fhu jh`MkR¥C`Mu mn\^`1_1fhq^fh_afhunkmnfpoCq
m(ksuv£
 \^fl{(\4µtfhsq^oC~vfhq^!mv`~n_u q^osmfhqg¥soCjp¥gfhq^  !tµfhu
 !   
  FLGJI    ! 	`	
  FHGJI  (  
   (   
(   ! 	 .   
(   ! 	 & 	)% 1)$:
[\fhu4mnksuv£{kwq5`m(ks{(£gjh` x iuvfpq¹uzfh_ijhkwmv` x ksq^q^`Lkwjhfpq^mvo¹uv`Mks~n{(\ os~Fmv\^`«_ao x `Muowgmv\^` x flumn~vfh^itmnfpoCq
r~voCrUoC~zmnfpoCqkwjmvo 
     ! 	G	  ¸ m mn\^flu¹uzmnkwC`sµ^ksqAy2r^~voCrUoAuz` x  !a fpmv\^oCitm mv\`~v`L§Ai^fhuvfpmv`qgi^_`~os
 ( rosfhqAmnufhq f©m(uq^`fhs\gosi^~n\^ogo x {Mkwq U`ºkwsC` x kwq x µ'fp q^`L{`Luvunkw~nysµ°i~zmn\^`~ 
 ( {Mkwq U`;k x^x ` x
ksq x ksunuzot{fhkwmv` x  ( {ksq``Lumnfp_kmn` x ~nos_,mn\^``|gfluzmvfhq^
uzfh_ijhkwmvfhosquMI[kw^jh`Mu b
ksq x 7 sfh¥s`Lumv\^`
~n`Muvi^jpmvfhq^a`Muzmvfh_kmv`Lu'os~mn\^`5`|trosq^`MqCmnfhksj4kwq x q^oC~v_kwj7_afp|gmvi^~n`Mu`|tks_ar^jp`Lu~v`Luzr`M{mvfh¥s`MjpyC

 	   !    	       "    "     1     "4 	  
¯ \`q1mv\^`¹ost`L{$mowZfhqt`~n`q{`fhumn\^`r^~n` x fh{mvfh¥s` x flumn~vfh^itmnfpoCq4µsfpmI_kRy` _1oC~v`uv`qUuzfh^jh`«mno x `¥gfluz`
k1_aos~n`sjhosksjZjpoAuvu'i^qU{$mvfhosq \^fl{(\_a`Mksuvi^~n`Mu x flumn~vfh^itmnfpoCqkwj x fhun{~n`rksq{fh`Mu'fhquzoC_1`kRys  [\fhu
ksumv\`ksr^r^~noCkC{(\ k x oCrtmv` x fhq ¤ `q^C`~(uz`Mq kwq x  oCU`M~zm  464    \^`Mq mn`Muzmvfhq^±mv\^`qgi^_!U`M~1os
{os_arosq^`MqCm(u'fpqk1q^os~n_kwjZ_af©|gmni^~v`C    q^`5uvi{(\rUoAuvuvfpfpjhf©my2fhu'mn\^`5fpqAmn`s~(kmn` x uv§Aiks~v` x2x fp¶`M~v`Mq{`
  !   ! 	 	
+$  M[	 U  O 	G	 &    16 
 \`~n`   x `qowmv`Lu!mv\^` x `Mquzfpmyow¹mv\^`_af©|gmni^~v` 3  [\fhu!os~n_ ow jpoAuvui^q{mvfhosq kwAkwfhqªjp`Mq x u
fpmnuv`jpmno
mv\`m'ow¬umn`r *z`Muzmvfh_kmnfpoCqt=mn\^`q^>_k|tfh_afhunkmnfpoCq ,kwjhsoC~vfpmv\^_ fhq;mv\Ukm«`a{ksq x `M{os_aroCuv`
mn\^`5roCuzmv`~nfhos~`|tr`M{$mn` x jhoCunu'kCu'osjhjpou"
     
 R  O 	 P  M[	1	 &    
         M[	 &   :  M[	        M[	 .   M[	 &   
kCuvuvi^_afhq^ mv\kwmmv\^` oC~ x `~°ow7fhqAmv`C~nkwmvfhosq1_kRyU`¹fpqAmv`M~n{(\Ukwq^C` x T^os~«kwjhjtmv\^`¹¡7¢sroCunuzfh^jh` jhksU`Mjpfhq^Cu
osmn\^`5_af©|gmni^~v` x fhuzmv~nfpitmvfhosq4µ^mv\^`qUkwj4rks~zmosmn\^flu fpqAmn`s~(kwj7_kRy
`5`¥ksjpikwmv` x ksqkwjhyAmvfl{ksjpjhyaos~
mn\^`5q^oC~v_kwj7ksq x `|trUoCq^`qAmnfhksj4{ksuv`Mu
 
   O[	 &    

(    (     `  % &( .  % & 	  R  
 $ (   $  	 &
   % &( .  % & 	
V os~ qos~n_aksjhuMµ

(    (      ( .     os~ `|trUoCq^`qAmvflkwjluM
Tos~mn\^`5~v`M_kwfhq^fpq!~n`jh`¥kwqAmmv`M~v_µ 
 :  M[	     O[	   
áá â`_'a$êcb(d
 5
[kwjp`b " [\^``|grosq`qAmvflkwj_1fp|gmvi^~n``Lumnfp_kmn`Mu  ks~v~(kwq^C` x gy_a`Lkwqu  i^q x `~mv\^`m«o
jhoCunu iq{$
mnfpoCqu 58 kwq x :  os~mv\^` x fp¶`M~v`MqAm¹uzfh_i^jlkmnfpoCqun{(\^`M_1`Lu
[~vi` ; fh^u kwq x os_ ³Fkwqs`¥gfhq [F`M_1r`~n` x
¥kwjhi^`Lu unkw_ar^jhfpq^ kwjh£ ³Fkwqs`¥gfhq
³Fot{kwj  
 
$  37 $    4 $    $ $   7 b $   C
jhoCunu     $   7 $  s $ $   7  $   765 $ Ñw 4iq{$mnfpoCq  
 &
$  C $  Cb $  s 4 $ Ñ 7  $ ÑbA
   &       4 b    5    '4:4  Ñ $ 
 
 
$  C $   $  $  764  $  74  $  74[
    7  b  5[ b 7    5 7 ÑwC 7 Ñwg; jhosUkwj  
 
$  37 $   565 $   s $   7  $   b 7
jhoCunu     $   7 $   7  $  C 7 $ Ñ 5:4 $  CCiq{$mnfpoCq  
 &
$  C $   bC $  C 7 $   $87 $ Ñbg
   &      C $   Ab    5:5   $  4
 
 
$  C $  Cs $  76465 $  7  5 $    
    7  b 7  b 7  7  5  5 ^ 75 b 7  4 bg
'`ar^~nosroCuv`~(uzm`Lumnfp_kwmvfhq^         O[	 osq ks~nf x ow  (¥kwjhi^`MuiUuzfhq^uzfh_ijhkwmvfhosqu~nos_mn\^`5roCuzmv`~nfhos~ x flumn~vfh^itmnfpoCq4¯±`mv\^`Mqiuz`5qgi^_a`M~vfl{ksjfhqAmv`Ms~(kmvfhosqosqmn\^`uvks_a` C~vf x ow  (¥kwjhi^`Mu
mno`Lumnfp_kmn`  
 :  M[	       ¸ Akwfhqª'`kw~n`
jh`ãma f©mn\"k3{os_ar^jhfl{kmn` x _afhq^fh_1flunkmvfhosq"r^~nos^jh`_
oC~  ! \^fh{(\"{kwq U`mnkC{(£Ajh` x iuzfhq^±uzfh_i^jlkmn` x kwq^q^`Lkwjhfpq3[kwjp`Lub±kwq x 7 sfh¥s`2mv\^`~n`Muvi^j©mnfpq
`Lumnfp_kwmv`Mu'oC~mv\^`5`|trUoCq^`qAmvflkwj4ksq x q^os~n_kwjZ_af©|gmni^~v`Lu `|^ks_1rjp`Lu~v`Luzr`M{mvfh¥s`jhys  ¯3`5~n``M~mvoamv\fhu
jhoCunu«i^q{mvfhosq;ksu 6BDJ6\)@BÙµksq x mvo1mv\kwmksuv` x osqmn\^`5rkw~(kw_a`mv`~(u'ksu BDJ W)@BÙ 
  %«)F)
Tfhsi^~n` 37 r^~no¥gf x `Mu k{os_arkw~nfluzoCqowmn\^`a`Muzmvfh_akwmv` xx `Mquzfpmvfh`Mu{os~n~v`Luzrosq x fpq^
mvo[ks^jp`Lu kwq x
bUµt \^fhjp`"TfpCi^~n`  !uvfh_1fhjlkw~njpy
ksqkwjhytuz`Lu'[kwjp`Lu'aksq x 7 dg`¥C`~(kwj7{oC_1_a`MqCm(u {ksq`_ak x `5kwositm
mn\^`Muv`s~(kwr^\UuTfh~nuzmMµwmv\^`^m°r^~no¥gf x ` x gy5mn\^` x fp¶`M~v`MqCm°`Lumnfp_kmn`Muflu~v`Lksuvosqks^jh`sµR`MuvrU`L{flkwjhjpy5fhq1mv\^`
`|trUoCq^`qAmvflkwj{kCuz`  ksu¹fhuiuvikwjhjpymv\`!{kCuz`  dt`M{oCq x µUmv\^` x fp¶`M~v`Mq{`Lu¹`m'``Mqmv\^`1uvks_1rjp`M~nukw~n`
q`sjhfhsfh^jp`os~«ksfh¥s`q`Lumnfp_kwmvfhosq_a`mn\^o x µg`¥s`Mqamv\^oCi^s\amn\^`{os~n~v`Luzrosq x fpq5rkw~(kw_a`mn`~(u 
 
  	uv``M_ mvo1¥kw~nya{osquvf x `~(kw^jhy  mn\^fhuflu'rkw~vmvfl{ijhks~vjhy1mv~ni^`¹oC~'mv\^`5{jhiuzmv`M~vfhq^r~vot{` x i^~n`  [\fp~ x µg«`
{Mkwq x `mn`M{$m°k umn~voCq^uvfp_afhjhks~vfpmyU`m«`M`qmv\^`{jhiuzmv`~nfhq^ ksq x mn\^`'sjhosksjCjhoCunui^q{$mnfpoCq!ksr^r^~noCks{(\`MuMµ
`M¥s`Mqmn\^osi^C\3fhqAmvi^fpmvfhosq±'osi^j x ~(kmn\^`~5uvi^sC`Muzmkuvfp_afhjhks~vfpmy; fpmv\±mv\`1jhot{ksj°jpoAuvui^q{mvfhosq4
[\fhu
öþá4ö ù
 4
[kwjp` 7 "¹[\^`1q^oC~v_kwj_af©|gmni^~v`1`Muzmvfh_kmn`Mu  kw~n~(kwq^C` x gy_1`Lkwqu  i^q x `M~mn\^`!m«ojpoAuvu¹i^q{mvfhosqu5: kwq x 163 oC~mv\^` x f©¶Z`~n`qAm¹uvfp_!i^jhkwmvfhosquv{(\`_a`MuM
[F~ni^` ; fh^u ksq x os_ ³Fksq^s`M¥gfpq [`_arU`M~v` x
¥Rksjpi`Mu unkw_ar^jhfhq^ kwjh£ ³Fksq^s`M¥gfpq
³Fot{kwj  
 
$   7 $    4 $  Cw $   4  $  As
jhoCunu  $   $  4:7   Ñ 74    s 5    '5 b   Ñwsbiq{$mnfpoCq  % & $  7 $  s  $   767 $   4:7 $  C 4
 
 &
$ Ñs $ Ñ $  $ Ñws $   465 $  wb 
 $ &    $  465    $ C $ Ñ 4 b   $:4:7
 % && $   $  5%$  $  5 w $  sb $ $  4 b 
 
 
$  bC $  bg 7 $  bsbsb $  b $65 $  bAs
 $  t b tÑs 5 tÑ 7  ^ s 7 ^  7 
 % & $ Ñ $ Ñ $:4 $    7 $     $  37 ; jhosUkwj  
 
$   7 $   $  $   $  $   $%$ $   $%$
jhoCunu  $   $  4:7    $65:7     $%$    )$     )$ iq{$mnfpoCq  % & $  7 $  sC $  wbg $  sbA $  sb 7
 
 &
$ Ñs $ ÑwC $ Ñwwb $  A  $  A
 $ &    $  5  7 $  4  $ $  4 C $  4 bA
 % && $   $  bsbg $  bg $  b 5  $  7  7
 
 
$  bC $  bC 7 $  bCs $  bA $ $  bgb
 $  t b t sC t  5  ^  4  ^  5:7
 % & $ Ñ $ Ñ 5  $ Ñs 5 $   '5 $  Cw
áá â`_'a$êcb(d
 $
Tfhsi^~n` 37 " Iuzmvfh_akwmvfhosqugymv\^`1{jhiumn`~nfpq2kwq x mv\^`!jpoAuvui^q{$mnfpoCqr^~not{` x i^~n`MuosvbU ksq x 7 os
mn\^` x `quvfpmy5owmn\^`uvks_1`'`|trosq^`MqAmvflkwjguvks_1rjp`ksufhqTfpCi^~n`  ~n`r^~n`Muv`qAmv` x gymv\`«\^fluzmvosC~nks_  µLos~
mn\^` x fp¶`M~v`MqCmunkw_ar^jh`~(u	 XYB2B B N2OI=(ZAZc?S@O  (JL ? = W&B X Zc?R=&LcN2O  HILGJ W)=XYLG=  Z  JLc? :@3Z  =(Z ?RJ ?[= BKJ'W)@BBKJ3Z)Z )XYOIW&?$NJO @O  BKJO  :@3Z  =(Z?SJ ?[= BDJ:\)@B BDJ3Z)Z )XYO
W(?$NJO
C   = BD@?R=&L W)@OQOIJ? \=N Z)?$N2O 6XYN Z  =
)LJ  ?[=W&B X Zc?R=&LcN2O  =cZc?$N @?R= JO ?[= H
NW(?$XYLG= C !
0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.
0
1.
0
2.
0
3.
0
 
Gibbs sampling
0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.
0
1.
0
2.
0
3.
0
 
Random walk
0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.
0
1.
0
2.
0
3.
0
 
Langevin diffusion
0.0 0.5 1.0 1.5 2.0 2.5 3.0
0.
0
1.
0
2.
0
3.
0
 
Tempered Langevin
{os~n~v`Luzrosq x `q{`fhu1fhqAmv`~n`Muzmvfhq^3U`L{kwiUuz`f©mafpq x fh{Mkmn`Mumv\kwm!mn\^`{jpiUumn`~nfpq^mv`L{(\^q^fl§Ci`2flu!k3sogo x
ksr^r^~noR|tfp_kmnfpoCqmvok±_a`mn\^o x  fpmv\ uvosi^q x `~1osi^q x kmnfpoCqukwq x µI`Muvf x `Luµ«mv\Ukmf©m
fluaq^osmao¥C`~njpy
x `r`q x `MqAmosqmv\^`{(\^oCfh{`owFmn\^` x flum(kwq{`    
 `Muvr^fpmv`mv\` ®ks{mmn\km°mn\^`¥kw~nfhosiu`Muzmvfh_kmn`Mu°kw~n`s`Mq^`~(kwjhjpy5fhqks{M{os~ x µRmn\^` o¥s`M~nksjpjgfh_1r~v`LuvuvfpoCq
osmv\fhuarksrU`M~a_akRy`mv\kwmf©m
{oC_ar^jpfl{kwmv`Lu!~(kmn\^`~!mv\Ukwq {jlkw~nf©`Lu!{`~vmnksfpq ksuvrU`L{$mnu1os_af©|gmni^~v`
_ao x `Mjpjhfpq ¯±`;kw~nsi^`mv\kwmmv\^`rfh{mvi^~n`fhu
_1oC~v`{oC_ar^jpfl{kwmv` x mn\kwq r^~n`¥gfhosiuvjhy mv\^oCi^s\Am^itm
'`ks~v`2`M§Aikwjhjhy {osqg¥gfpqU{` x mn\km!mv\^flu1jp`M¥s`Mj«os¹{os_ar^jh`|tfpmy fhu!q^`M{`Munuvks~vy3f©«`'ksqCmmvo±r^~v`Luz`MqAm
k;mv\^oC~voCi^s\"kwqksjpytuvfhu!owmn\^`_1fp|gmvi^~n`r^~voC^jh`_ ¬q x `M` x µ'`\kR¥s`{jh`Mkw~njhy x `M_aosquzmv~(kmn` x mn\km
f x `MqCmnf©kw^fhjpfpmy!{osquzmv~(kwfhqAmnu°{Mkwq\kR¥C`krowmn`qAmvflkwjhjhy x `mv~nfp_a`MqCm(kwj^`¶`L{$mIoCq1mv\^``Lumnfp_kwmv`Mu f©mn\mv\^`
{os~n~v`Luzrosq x fpqfp_ar^jhfh{MkmnfpoCqmv\kwmmn\^`!i^jpjroCuzmv`M~vfhos~ x fhuzmv~nfh^itmvfhosq_iuzm `!uvfh_i^jlkmn` x  ¯3`1\kR¥C`
ksjhuvo5uz\o qmn\kmmn\^`uzmnkwq x kw~ x!¤ kw~n£so¥{(\ksfpq ¤ oCqCmn`¹¦'kw~njpo5unkw_ar^jh`~(u°kw~n`«iq x kw_a`MqCm(kwjhjpy!i^qks^jp`
mno;o¥s`M~n{os_a`amv\`kmvmv~(ks{mvfhosq`¶Z`M{m!osjpot{ksjI_ao x `MuMµ°kwq x `Muzmnkwjpfluz\` x mv\`ksr^rU`Lkwj«ow mv`M_arU`M~v` x
³kwq^C`¥gfhq x fp¶Ziuzfhosq;ksjpCos~nf©mn\^_u ksuk2uz`M_1fp¬kwitmnos_kmn` x¤ `mn~voCrUoCjpflu¬´¹kCumnfpqCu'mv`L{(\^q^fl§Ai^`s   qmv\^`
fhqt`M~v`MqCmnfhksj7uzf x ` ow4mn\^`r^~voC^jh`_µg«` \kR¥s`uvi^sC`Muzmv` x m«o1kwr^r^~noCkC{(\^`Mumvo1mv\` uzmnkwmvflumnfh{Mkwj7kwqksjpytuvfhu
osUosmv\uvyg_a_1`mv~nfh{kwq x qosqt¬uzyg_a_a`mn~vfl{ ¤ ks~v£Co¥2{(\kwfhq ¤ oCqAmv`1¦'ks~vjho2unkw_ar^jh`MuoCq^`kCuz` x osq;k
{jpiUumn`~nfpq^ksr^r^~noR|gfh_kmnfpoCq2kwq x mn\^`owmv\`~ osqq^`MW{(\^oCfh{`MuosjhoCunu'i^q{$mnfpoCq4
¯ \^fhjh`;mv\`o¥s`M~nksjpj _a`LuvunkwC`fhu2fpq x `` x osq^`;os5fpq{~v`Lksuv` x {oC_ar^jp`|tf©myCµ «` x oªq^owmuz`M`mv\fhu
kCuk x `mn`~n~v`MqCm!U`L{kwiUuz`
_afp|gmvi^~n`Mu!ow x fluzmv~nfp^i^mvfhosqu  kwq x owmn\^`~1jhkwmv`MqCm1¥kw~nfhks^jp`_ao x `Mjhu  ks~v`2k
öþá4ö ù
 
Tfhsi^~n`   " Iumnfp_kwmvfhosqu7gymv\^`{jpiUumn`~nfpq^ksq x mv\^`IjpoAuvuZiq{$mnfpoCq5r^~vot{` x i^~n`MuZosCmn\^` x `Mquvf©myowgmv\^`
unkw_a`qos~n_aksjAunkw_ar^jh`«kCu4fhqTfhsi^~n`«  ~n`r^~n`Muv`qAmv` x gymn\^`'\^fhuzmvoCs~(kw_  µMos~mv\` x fp¶Z`~n`qAmunkw_ar^jh`~(u
	 XYB2BYB N2OI=(Z Zc?R@O  (JL ?[= W&B X Zc?R=&LcN2O  HILGJ W)=XYLG=  Z  JLc? 6@Z  =(Z (JL ?[= BKJ'W)@B[BDJ3Z)Z )XYOIW&?NJO @O  BDJO 
:@3Z  =(Z (JL"? = 6BDJ6\)@B BDJ3Z)Z )XYO
W(?$NJO
C !
-2 -1 0 1 2 3
0.
0
0.
2
0.
4
0.
6
 
Gibbs
-2 -1 0 1 2 3
0.
0
0.
2
0.
4
0.
6
 
Random walk
-2 -1 0 1 2 3
0.
0
0.
2
0.
4
0.
6
 
Langevin
-2 -1 0 1 2 3
0.
0
0.
2
0.
4
0.
6
 
Tempered Langevin
{os_ar^jh`|3ks~v`Lkksq x osq^`a \^fl{(\mn\^`~n`oC~v`a{ksjpjlu os~k x ¥kwq{` x r^~nog{` x i~v`Lu&osmv`a_aos~n`o¥s`M~¹mn\km
mn\^`IksitmvoC_akwmv` x ksuvrU`L{$mF \^fl{(\5\kCu7U`M`quzmv~n`Munuv` x fpquv`¥C`~(kwjrks~zm(u4osAmn\^`rksrU`M~ksjpjhouZos~k rkw~vmvflkwj
~n`M{o¥s`M~vy5~nos_ mn\^fhu{os_ar^jh`|tf©myCµCfhq
mn\^`uz`Mquz`mv\kwm'owmn\
mv\`³Fksq^s`M¥gfpq2ksq x mn\^`mn`_arU`M~vfhq^1rkw~vmnu
osFmn\^`5r^~nog{` x i~v`5{ksq`5`|tros~vmv` x mno1osmv\^`M~uz`mvi^rUukm jhf©mvmvjh`k x^x f©mnfpoCqkwj7r^~nosC~nks_a_1fhq^1{oCuzmM
    %' )
	
 "!"#%$
&(')$
&*+ ,$.-0/	#0&*1325476"# $
!&(!8:9";=<>0?)#"@! ACBD9 "$
EGF>HJILK@M
NPO QSR HTIVU>W0XX OZY HV[\0K^]`_I:a^b3cde)fg@
h 	
	?ijlkm	f>		# $.&n$
&8o"	&)E8o!p-%$qi^9"?"	#	rts;)u0'`	#v$q9"EL;$
&)/xw"!'
	-=:yz&|{t}~=5 N 
 )	&p&)D5*k"		&J#	 L);@# $
E0T"./*de^g
h ;)$
'lj	cpB=0"/$
&*
$
	
$
;)!!^Z8o"!-9";)k:$.'')#>!?9"w?9@ NP I O %)THV["z N ["[LX Q )b,g@	g+e
g
>$
	'`!q9P!'` 9 h  	#9"$.-+9"$
!&(	#w)0S0-% 9 "	#j¡ ?)&,-%¢	.&/Dw)0%¢EL;)&9"$
.
!&)&*0/
'*	¢	# $
	&£F¤XzIL[0K¥¦{X :§ zIL[L¨+©PIL]*_K^[_Iª « NQ _¬  HTI¤_IL[> Q HTIL] Q IL[:­®£a)a*`¯cg+e¯c0f@
>$
	'`!q9)°!'` 9 h  5	±t#9"$
-09"$
!&²!085³*&$
9"-%$qi@9"?@":@$
#9 "$.'?9"$
!&#t'0	# $.&=#"0-%w)
$
&)/
@l©tX´ªlTHV["z`X Q T@ttµ)¶£`g¯g+egdc^
·"$
/	# # $+1?+<m	d5		# $.0&yz-/ h .# # $q³)E09"$
!&?)# $
&)/P).L£¡ #5:	q9S¸£!# #	@l{X :§ K^z
¹ O  §@R H Q ªlTHV[¶£*cc	e@d0g@
áá â`_'a$êcb(d
A
k:	
-&l*
£k:$

^#	   * P!'` 9"#	jkm m5¯:%E	$
	&9>BD9 "!w`!
$.#?)-%w$
&)/"?)
	#	yz&´IL["HJ]
)THV["H Q [
	£ m£L"/ B7£"&)0S!@l 5`p	v$.£j m`¸l$
&*@.LZ&)n¤ · B7l^-%$q9";J@#	 L
ce^¯f@i^8V!S:&$.6"# $q9 ²"# #	i^8V!0S£
k: h   s;)!-%w# !&£t @c5P&)&
$
&)/>BD!&9" h 0"
!>-+i@$.-m?)-G
$
	
$
;)!!^mv$q9";0w)w.$
E+9"$
!&
9"!w`$
/0"	¤&)q@# $.#	P@ NP I O P)T0HV["z N ["[LX Q  )bl)+e^^
k"?)9`B7 ¤
`;)$

$.ww``¤
` !'` 9 h  5	PB=0"!+6DES;*0$
&ZBD!&9" h 0"
!E	!&^9 "!# w@"@# ;)	9"#
8V!Pi@w`!&)	&9"$.£-%$qi@9"?@":	#9"$
-+9"$.!&lP@{X :§ K@z ¹ O  §@R H Q ªTHV[V9"!0w)w`+LL
k:?)$
;)	&&)	?E h 
p&$./;9*`
`BD	&/"# &l ¸.P$.ES;*+S# !&l)j
) !'` 9 h  5lPB h B h @$./
&)!#9"$
E	#$
&¦0E9"$
!&lsEL;£"	w`! 9 h :s:)0"$
#	
¸l$
?l* j
j¸l$.0&)/`·.` 3!&/ ° <5	fs;?# ¤!8-?q9"$.w
J9  ²-%L9";)!^=0&*D
!E0!w9"$
-%$+9"$.!&
$.&=BD9 "!w`!
$.##"-%w.$
&/s	ES;l"	w`!0 9):	w9!08^9S+9"$.#9"$
E	#	`^9S0&8V!0S:&$
6"# $q9 
BD	&)/"# 	&l !'` 9 h  5>¯xs#9"$.&/8V!0D-%$qi^9"?"	#	rn 	# $.&|	&9 "!w)$
Enw)w@"!0EL;£ yz&
´IL[SH]DTHV["H Q [	^ m^L"/@ B7@L"&*0S@!^¤ p	v$uj m¸l$
&*@
%0&*¤ · B7@^-%$q9";
J@#	 L*cc+ d0¯@i^8V!S:&)$
6L"# $
9zx"# #	`¸l!&*@!&l
:0J@¤j¯@-%w)
$
&)/p8u"!- -m?)q9"$
-%!^)*$
#9 "$
')?9"$
!&)#t?)# $
&/9"	-%w`L"9 S&)# $q9"$
!&#	)THV["H Q [p]`_
{X :§ K^HV]*gcge^g¯¯
$
ES;*0S@# !&£*`*0&*Dk"		&l)5 	d:&=		# $.0&¦&)q@# $.#P!85-%$
i^9"?@"	#v$q9";¦&D?)&)^&!+v&x&^?)-m'`
!8E	!-%w`!&	&9"#pVv$
9";=$
# E	?)# # $
!&`LP@£©X´ª£)THV["z*X Q T@Pµ)£`d0g@Se@d^
!'` 9 h  £	¯y &8o"	&E	:$
&x-%$
i^9"?@"P-%!^@	
#	y &=~7 O \XWx{ R HV]²~nX])zI{ O ª
XHV]² O  Q H Q IL   
k:$.
^#	*j$
ES;*0S@# !&D&*² `^w)$
	/	
;*q9"mJ#	 L)±±Se±¯0± h ;*w-&D&*x<>0.*¸l!&)!&l
!'` 9 h  5d>>$
# E	?# # $
!&3!08P$
EL;)0S# !&0&*7k"		&l¡£w)w`²@©X0´ªTHV["z¦*X Q DT@t
µ*£*dcfe@d0¯±
!'` 9 h  5	f^w`	E	$q³*E#!08u+9"	&9P6+"$u0')
¤-%!^	
#	s;)¤.'`	l#v$q9"EL;$.&/%w"!')
	-=y & {t}~D 
 N   )¤*	@&)>&*D km*k"		&J#	 L);@# $
E0T"./@l	@Le)^
!'` 9 h  5* h # 	
.@lkml~7X]zI{ O ª
X)THo[SH Q ª£~3IL R X_["@w@"$.&/ T"./=V9"!ww`0LL
!'` 9 h  5£ BD	&/"# 	&£ ¸	fP	w*+S-%9 "$+9"$.!&Z$.# # ?	#>$
&Z-%$qi@9"?@"p	#9"$
-09"$
!&n0&*=9";)	$q
'`0"$
&)/#!&D9";¤k:$
')')##"0-%w)
p{X § K^z)THV["z"!¤T N ]*ª.$#)lJgL)gce^g0±g^
!'` 9"#	km ml s£v	@$
¤ ¸	cpi@w`!&	&9"$.E	!&@6"/	&E	m8o!¸l&)/	6^$
&3@$
Aj?# $
!&)#¤0&*¦9";)	$q
$
# E"9"¤0w)w"!i@$
-09"$
!&#	#	"	w`! 9`^9S09¸l'£.%m h -m'"$./ h -m'"$./
!@%`&  0# # # "-&£`¸5dPSE9"$
E0		# $.0&Z	&# $
9zx	#9"$
-09"$
!&¦?# $.&/-%$qi^9"?"	#t!08&)! 
-
#	@ NP I O )THV["z N ["[X Q  #£`f±+e^^
?@<m£c:Lv°¸£!# #·)?)&E9"$
!&#t$.&D		# $.&¦yz-/$.&/@ NP I O )T0HV["z N ["[LX Q |)bl*+e^f^
^9"	w;)	&#	B7	dt		# $.&=-%L9";)!^#8V!P-%$qi^9"?"	#!8&!"-£@$.#9 "$
'?9"$
!&#	;£ m)s;	# $
#	i^8V!0S
:&)$
^9 S-%L'm£ slv	@$.l¤ ¸	dpk:	!-%9 "$
E0&*n@?')/!-%9 "$
E h !&^6"/	&)E	m!8>$qAj?)# $
!&#:v$q9";
k:$.6	&¦9S09"$
!&)0 ²>$
#9 "$.'?9"$
!&#	*0&*²s;)	$qP>$
# E"9"$+9"$.!&)#	s	ES;l"	w`!0 9&)$
6"# $q9 x!08y !vt^
öþá4ö ù
C
 3 $0    1+ 5(	-/)/5&5/ '0a±
 !	"/(0a	2 )
a	
²s;)¤¸l&)/	6^$
&¦
/!0"$q9";)- ?)# 	#t9";:S&)!- v
²@"$q8o9 "!#%$&  ')(+*,.-0/2143%576  98' (: <; : >=@?A;
9";)>&vC60.?>'`	$
&)/E	E	w9"²v$q9";=w@"!')')$

$q9 
B$&CEDGF  
H ; 576  I!7# 8576 J8 ?  T  K  "!#LKM( *, -N/2143576  "!7# 8 U
O ( ?  T  I!7#AK  7KP( *, -N/2143%576   8 U O ( 
Q
RS&Ts;)¦ES;)!$
E	Z!08p9";)¦w*+S-%9"L"$ 	09"$
!& !089";¦-%!^	P$
#%9";@?#$.-%w`!0 9S&9x'`	E0?)# ¦$q9=0w)w`+"#²'`!09";|$
&-0/2143%5 &*x$
&D9";)p0E	E		w@9S&E	pw"!'*'$
.$q9z B s;pE	!&#9 S$
&9"#$
-%w`!# 	²!&x9";)pw)0S-%L9""#U<Vm0&*EWXV-?)#9>$.&)@$q9"$.!& '`9S	&$
&9"!¦E	E!?)&9$
&39";)EL;!$
E	!8 ? &)7v9";^?#p!w9¤8o!&?&)E	!&)#9 S$
&
w*0S0-%9""$+9"$.!&l&*0-%	qY V $ /2143 6 WZV\[ 6 H K W #]8^8_;`Ea H ; b V $ /2143 6 U *V 8_;`dc H ;
v;)$
EL;¤0
.!v#8o!5#9S0&*0Sp$
#9 "$
')?@9"$
!& ? ·!l# w"p"	# !&#	+vv$.
w@"8V£9";) h 0?)ES;^>$
#9 "$
')?@9"$.!&
S09";)L9";*0& 9";)D&!"-0t$
#9 "$
')?@9"$.!&l,s;DES;*0&)/²!8w*+S-%9""$+9"$
!&1$.&^6!
6	#%nE!')$.0&(9""-=
v;)$
EL;²$
# e 6 W # ;gfgfgfg; W h ; U # ;gfgfgfg; Uh 8e 6 Y # ;]fgfgfg;_Y h ;Jb # ;]fgfgfg;Jb h 8 $ U *# fgfgf U *h W # fgfif W h ;# $.&E	 e 6 W * ;]fgfgfg; Wh 8e 6 Y * ;]fgfgfg;_Y h 8 $
jjjjjjjjjjj
6 H K W # 8 W * fgfgf K W * Wh  K W * Wk 6 H K Wk 8 Wk K WklW h   6 H K W h 8 W h
jjjjjjjjjjj
$ W * f]fgf W h
jjjjjjjj
H K W * K Wm f]fgf K W hK H H n
  K H n H
jjjjjjjj $ W # fifgf W h T
k:$.6	&m9";EL;!$
E	t!08jw"$
!"#!& 6 W #;ifgf]fg; W h ;<o#;ifgfgfg;^o h ; U *# ;gfgfifg; U *h 8 9";$
#.	#9"!:9";8V!
.!v$
&)/¤i@w@"	# # $
!&!8>p 6 YZ#;gfgf]fg;]Y h ;^o4#\;]fgfgfg;qo h ;rbA#;gf]fgfi;Jb h 8 @?)w²9"!&)!"-0
$ 	09"$
!&£st kGu #	v h V]u # W V Uw #Vyx]z|{~} K 6  k K o V 8 * [ , U *V+\ htV]u # Uw mVx]z|{ T K o *V,\n U *V K HU *V U T
#7>
~ iG\|>s;:+"/?-%	&9"#0"# $
-%$..+s;):# E	
:w)0S-%L9""# V 0"P"	w*+S-%9"L"$

	p# b V $ /213 6  V 8 &):9";)v	$
/;^9"#W V 0#5'`!+65s;w`!#9""$
!@$
#9 "$.'?9"$
!&p!& 6 # ;gfif]fg;  h ;Jb # ;]fgfifg;Jb h 8
áá â`_'a$êcb(d
sb
$.#t9";^?)#tw@"!w`!0 9"$.!&*0l9"! st kGu # v h V_u # W V  V  w Q  htV_u #  V W V  w  T
öþá4ö ù
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